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Abstract: We study the Standard Model and the new physics predictions for the lepton-
flavour-universality violating (LFUV) ratios in various b → s`+`− channels with scalar,
pseudoscalar, vector, axial-vector, and Λ baryon final states, considering both unpolarized
and polarized final state hadrons. In order to formulate physical observables, we use the
model independent effective Hamiltonian approach and employ the helicity framework. We
provide the explicit expressions of the helicity amplitudes in terms of the Wilson coefficients
and the hadronic form factors by using the same kinematical configuration and polarization
conventions for all decay channels. We perform the numerical analysis with new physics
scenarios selected from the recent global fit analyses, having specific new physics model
interpretations. We find that some of the LFUV ratios for these complementary channels in
different kinematical regions have high sensitivity to new physics and the future measure-
ments of them in Belle II and LHCb experiments, along with testing new physics/LFUV,
can help to distinguish among the different new physics possibilities.
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1 Introduction
Flavour-changing neutral-current (FCNC) processes involving b→ s`+`−, quark level tran-
sitions can play a pivotal role in the indirect searches of physics beyond the Standard Model
(SM). These transitions are CKM and loop suppressed within the SM and therefore have
high sensitivity to potential new physics (NP) effects. Interestingly, recent experimental
data on neutral current decays induced by b → s`+`− transitions have pointed towards
several observables in tension with the SM predictions. Due to this fact, these transitions
currently stand among the most promising indications of NP.
The reported observables can be grouped into two sets: b → sµ+µ− observables that
include only muons, called as lepton-flavour dependent (LFD) observables, and the other
known as lepton-flavour-universality violating (LFUV) observables that involve both muons
and electrons. The set of LFD observables contains several angular observables including
the so-called P ′5 anomaly [1, 2], first observed by the LHCb collaboration in the angular
analysis of theB0 → K∗0µ+µ− decay [3, 4], later measured by Belle [5, 6], and more recently
by ATLAS [7] as well as CMS collaboration [8]. LHCb [4] and ATLAS [7] measurements for
the angular observable P ′5 in the low dimuon invariant mass-squared range (4.0 ≤ q2 ≤ 6.0
GeV2) indicate ≈ 3.3σ [9] discrepancy with respect to the SM prediction. Similarly, Belle
results deviate by 2.6σ [6] from the SM in the 4.0 ≤ q2 ≤ 8.0 GeV2 bin, whereas CMS
measurement is found to be consistent with the SM expectation within 1σ [8]. Very recently
[10], LHCb collaboration has updated results for the angular observables with 4.7 fb−1
of data, where for the P ′5 observable, a local discrepancy of 2.5 and 2.9σ is reported in
the [4, 6] and [6, 8] GeV2 bins, respectively. Adding to LFD observables, LHCb has also
observed the branching fractions of the B → Kµ+µ− [11], B → K∗µ+µ− [11–13], and
Bs → φµ+µ− [14, 15] decays to be on the lower side compared to their SM estimates.
These LFD observables, while being sensitive to NP [16–20], can not establish the NP case
unambiguously because of the involvement of the hadronic uncertainties originating from
the different long-distance effects, in particular from form factors, power corrections, and
charm resonances [21–26]. Therefore, without having additional data or a complete and
reliable calculations of the hadronic uncertainties there remains a possibility to explain the
currently observed LFD anomalies with more conservative assumptions on the involved
hadronic contributions [27–31].
The second set with LFUV observables includes the ratios of branching fractions in-
volving both b → sµ+µ− and b → se+e− transitions. The LHCb collaboration, in 2014,
measured the ratio RK ≡ B(B+ → K+µ+µ−)/(B+ → K+e+e−) = 0.745+0.090−0.074±0.036 [32],
in the low dilepton invariant mass-squared range (1.0 ≤ q2 ≤ 6.0 GeV2), which showed
2.6σ deviation from the SM expectation of ' 1 [33, 34]. Recently, LHCb announced new
value of RK [35], by first reanalyzing the Run I data and then combining it with the Run
II result,
R
[1.1, 6]
K = 0.846
+0.060
−0.054(stat)
+0.016
−0.014(syst). (1.1)
Although the central value is now closer to the SM prediction, the discrepancy is still at
the level of 2.5σ due to the smaller uncertainty of the new measurement. Additionally, we
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have more recent Belle results of RK [36], which are combined together for the charged
and neutral decay modes, and are presented in four different bins. However, due to large
errors, these results are consistent with the SM as well as with the LHCb data in the
dilepton mass-squared range 1 to 6 GeV2. Similarly, in 2017, LHCb reported another ratio
RK∗ ≡ (B0 → K∗0µ+µ−)/(B0 → K∗0e+e−) [37], in two different regions of q2, the dilepton
invariant mass squared. These measurements in the low q2 (0.045 ≤ q2 ≤ 1.1 GeV2) and
central q2 (1.1 ≤ q2 ≤ 6.0 GeV2) bin were found to deviate from the SM predictions ' 1
[33, 34], with significance of ≈ 2.4σ and ≈ 2.5σ, respectively. Recently, Belle collaboration
has also presented their results for RK∗ [38], in multiple q
2 bins, by considering both
the neutral and charged B modes. Again having large uncertainties, their results are in
agreement with both the SM and the LHCb measurements. Moreover, additional LFUV
observables, such as Q4,5 = P
µ′
4,5 − P e′4,5 [39], have been observed by the Belle collaboration
[6]. Although currently not statistically significant, the data indicate towards potential
LFUV. Furthermore, LHCb has also performed the first test of lepton flavour universality
(LFU) violation with b baryons by measuring RpK ratio in Λb → pK−`+`− decays [40].
Contrary to the LFD observables, SM predictions for the LFUV observables RK and RK∗
are theoretically clean as the hadronic uncertainties essentially cancel and therefore they
hold the key to unravel NP without ambiguity.
Because all (LFD+LFUV) observables involve b→ sµ+µ− transition and additionally
LFUV NP contributions are mandatory to account for the LFUV anomalies, it seems
natural to address all the b → s`+`− data by assuming NP present only in the b →
sµ+µ− sector, which automatically breaks lepton flavour universality and is thus purely
LFUV. Interestingly, several model independent global fit analyses [41–54] performed with
this purely LFUV NP assumption have pointed out two simple one-dimensional (1D) NP
scenarios (S1) CNP9µ or (S2) C
NP
9µ = −CNP10µ, that can provide better fit to all the b→ s`+`−
data with preferences reaching ≈ 5 − 6σ compared to the SM. However, performing the
separate fits, it is observed that the inclusion of the latest RK and RK∗ data has created
tensions between the separate fit to LFD and LFUV set in both the scenarios S1 and S2
along with increasing the significance gap between the two LFUV fits of the two scenarios
[48, 51]. These tensions, if not statistical fluctuations, could be indications of NP also
present in b → se+e−. For instance, in Ref. [51], it is shown that the additional LFUV
NP in b → se+e− along with the basic scenarios S1 and S2 leads to a number of new
scenarios, which can remove tensions along with improving the overall fit to all data.
In this case, LFD set is explained by LFUV NP only in b → sµ+µ−, while the LFUV
processes are constrained by the combination of LFUV NP contributions in b → sµ+µ−
and b → se+e−. Another complementary approach proposed in [55], before the latest
RK and RK∗ measurement, is to consider LFUV NP which affects only muons along with
LFU NP (with equal contributions to e, µ, and τ). In this scheme, LFD observables
incorporate contributions from LFUV+LFU NP, while LFUV set is explained mainly by
the LFUV NP (while also having subleading interference with LFU NP contributions). It
was shown that several scenarios with both LFU and LFUV NP contributions to the Wilson
coefficients CNP9` and C
NP
10` can improve the agreement with the overall data. An updated
global fit analysis, including the latest experimental data, with both LFU and LFUV NP
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contributions extended to NP scenarios with right-handed currents (RHC), is performed
in [48]. Again, various NP scenarios are found with enhanced significance and an improved
preference for the NP scenarios with RHC is suggested to emerge after the inclusion of the
latest RK and RK∗ data. Furthermore, a better description of data can also be obtained
by increasing the degrees of freedom, i.e., 2D fits, along with the assumptions such as NP
affects only muons.
As there is no unique solution and many new scenarios are piling up due to recently
emerging NP patterns in global fit analyses, it is particularly important to discriminate
between different possible scenarios and to devise methods to further confirm or constrain
patterns of NP. For that, on the experimental side, one requires more precise determina-
tions of the already measured observables, with different experimental setups, along with
checking new additional observables. While on the theory side, one can improve the cal-
culations of hadronic contributions or construct new observables, with limited sensitivity
to hadronic uncertainties, either in the already existing decays or in the complementary
processes induced by the same quark level b → s`+`− transitions. In this work, we con-
sider theoretically clean LFUV observables in complementary channels and kinematical
regions, and analyze the implications of the different NP scenarios proposed in the recent
global analyses. The list of decay channels induced by the b → s`+`− transition is long,
and the LFUV ratios in a number of decay channels have been studied [56–58] based on
the previous data. In the present study, we consider the most recent experimental re-
sults and restrict to seven exclusive channels Min → Mf `+`−, with Min = B,Bs,Λb and
Mf = f0,K
∗
0 ,K,K
∗, φ,K1,Λ. We study these channels in the model independent effective
Hamiltonian approach by employing the helicity formalism. The theoretical analysis of
LFUV observables in complementary hadronic decays can help to distinguish and further
strengthen the emerging NP patterns along with providing interesting cross checks.
The paper is organized as follows. In section 2, we describe the effective Hamiltonian for
b→ s`+`− transitions. In section 3, we discuss form factors present in the hadronic matrix
elements for different decays along with their decay amplitudes. In section 4, we consider
the helicity formalism and work out the explicit expressions of the helicity amplitudes for
the considered decays. In section 5, we construct LFUV observables. Section 6, is devoted
to numerical analysis, where we also present our choice of the NP scenarios from different
global fit analyses. The results are summarized in section 7. Details of the SM Wilson
coefficients, numerical inputs, and the technical considerations concerning the kinematics
and polarization conventions, along with the predictions of the LFUV ratios in the SM and
the NP scenarios are collected in appendices.
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C1 C2 C3 C4 C5 C6 C7 C8 C9 C10
−0.294 1.017 −0.0059 −0.087 0.0004 0.0011 −0.324 −0.176 4.114 −4.193
Table 1. The SM Wilson coefficients Cµi up to NNLL accuracy given at the scale µ ∼ mb.
2 Effective Hamiltonian
The effective weak Hamiltonian for b→ s`+`− transition is given by
Heff = −4GF√
2
VtbV
∗
ts
[
6∑
i=1
CiOi +
8∑
i=7
(
CiOi + Ci′Oi′
)
+
∑
i=9,10
(
(Ci + C
NP
i` )Oi + C
NP
i′` Oi′
)]
, (2.1)
where we have neglected the doubly Cabibbo suppressed contribution (∝ VubV ∗us), and GF
is the Fermi coupling constant. The operators Oi≤6 are the same as the P c1,2, P3,...,6, given
in Ref. [59], and the others are
O7 =
e
16pi2
mb (s¯σµνPRb)F
µν , O7′ =
e
16pi2
mb (s¯σµνPLb)F
µν ,
O8 =
gs
16pi2
mb (s¯σµνT
aPRb)G
µν a, O8′ =
gs
16pi2
mb (s¯σµνT
aPLb)G
µν a,
O9 =
e2
16pi2
(s¯γµPLb)(l¯γ
µl), O9′ =
e2
16pi2
(s¯γµPRb)(l¯γ
µl),
O10 =
e2
16pi2
(s¯γµPLb)(l¯γ
µγ5l), O10′ =
e2
16pi2
(s¯γµPRb)(l¯γ
µγ5l), (2.2)
where e (gs) is the electromagnetic (strong) coupling constant, and mb represents the
running b−quark mass in the MS scheme.
Within the SM, major role in b → s`+`− transition, is played by operators O7,9,10,
whereas contributions of primed dipole operators O7′,8′ are suppressed by ms/mb, and
therefore we neglect them. Furthermore, the factorizable contributions from current-
current, QCD penguins and chromomagnetic dipole operators O1−6,8 can be absorbed into
the effective Wilson coefficients Ceff7 (q
2) and Ceff9 (q
2) [60]. The explicit expressions of these
Wilson coefficients, which we used, are presented in appendix A. It is important to mention
that, in Eq. (2.1), we have considered NP contributions only in O9(′) and O10(′) operators
because the emerging viable NP solutions from the global fits of all the b → s`+`− data,
which we consider in our study, are only in the form of vector and axial-vector operators.
The numerical values of Wilson coefficients at µ ∼ mb in the SM are presented in table 1.
Using the effective Hamiltonian given in Eq. (2.1), the decay amplitude for the process
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Min →Mf `+`−, including the SM and the NP contributions, can be written as
M(Min →Mf `+`−) = GFα
2
√
2pi
VtbV
∗
ts
[{
(Ceff9 + C
NP
9` )〈Mf (k)|s¯γµ(1− γ5)b|Min(p)〉
+ CNP9′` 〈Mf (k)|s¯γµ(1 + γ5)b|Min(p)〉
− 2mb
q2
Ceff7 〈Mf (k)|s¯iσµνqν(1 + γ5)b|Min(p)〉
}(
¯`γµ`
)
+
{
(C10 + C
NP
10` )〈Mf (k)|s¯γµ(1− γ5)b|Min(p)〉
+ CNP10′`〈Mf (k)|s¯γµ(1 + γ5)b|Min(p)〉
}(
¯`γµγ5`
)]
. (2.3)
3 Hadronic matrix elements and decay amplitudes
The hadronic matrix elements in Eq. (2.3) can be parameterized in terms of different form
factors. As we consider various decay channels with final state hadron (Mf ) having scalar,
pseudoscalar, vector, axial vector and spin half (Λ) hadron, so we consider transition form
factors and decay amplitudes for each case separately.
3.1 Min → S`+`− case
The matrix elements for the process Min → S`+`−, where the parent particle Min = Bs
or B, and the daughter particle S is a scalar meson 0+, such as S = f0(980) or K
∗
0 (1430),
are given by
〈f0
(
K∗0
)
(k)|s¯γµγ5b|Bs
(
B
)
(p)〉 = −i
[
f
f0(K∗0 )
+ (q
2)Pµ + f
f0(K∗0 )− (q
2)qµ
]
, (3.1)
〈f0
(
K∗0
)
(k)|s¯iσµνqνγ5b|Bs
(
B
)
(p)〉 = −i f
f0(K∗0 )
T (q
2)(
mBs(B) +mf0(K∗0 )
)
×
[
q2Pµ −
(
m2Bs(B) −m2f0(K∗0 )
)
qµ
]
, (3.2)
where Pµ = pµ+kµ, and qµ = pµ−kµ. Using these matrix elements in Eq. (2.3), the decay
amplitude for Min → S`+`−, can be written as
M (Min → S`+`−) = GFα
2
√
2pi
VtbV
∗
ts{T 1,Sµ (¯`γµ`) + T 2,Sµ (¯`γµγ5`)}, (3.3)
where T i,Sµ (i = 1, 2), incorporate both Wilson coefficients and transition form factors
T
i,f0(K∗0 )
µ = iPµF i,f0(K
∗
0 )
+ (q
2) + iqµF i,f0(K
∗
0 )− (q
2), (3.4)
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F1,f0(K∗0 )+ (q2) = (Ceff9 + CNP9` − CNP9′` )ff0(K
∗
0 )
+ (q
2)
+
2mb(
mBs(B) +mf0(K∗0 )
)Ceff7 ff0(K∗0 )T (q2), (3.5)
F1,f0(K∗0 )− (q2) = (Ceff9 + CNP9` − CNP9′` )ff0(K
∗
0 )− (q
2)
− 2mb
q2
(
mBs(B) −mf0(K∗0 )
)
Ceff7 f
f0(K∗0 )
T (q
2), (3.6)
F2,f0(K∗0 )± (q2) = (C10 + CNP10` − CNP10′`)ff0(K
∗
0 )± (q
2). (3.7)
For the Bs → f0(980)`+`− decay, ff0+ , ff00 , ff0T form factors are used in the numerical
analysis. For that ff0− (q2) form factor can be expressed as
ff0− (q
2) =
m2Bs −m2f0
q2
(ff00 (q
2)− ff0+ (q2)). (3.8)
The form factors, for the decay Bs → f0(980)`+`−, and B → K∗0 (1430)`+`− can be
calculated using the light cone QCD sum rule approach [61], and three-point QCD sum
rules [62]. For whole q2 the form factors for the decay can be parameterized in the form of
double pole as follows
f
f0(K∗0 )
i (q
2) =
f
f0(K∗0 )
i (0)
1− ai q2m2
Bs(B)
+ bi
q4
m4
Bs(B)
. (3.9)
The numerical values of the form factors at q2 = 0, and parameters ai, bi, for the decay
Bs → f0(980)`+`−, and B → K∗0 (1430)`+`− are presented in table-II of Ref. [61], and
table-I of Ref. [62].
3.2 Min → P`+`− case
The matrix elements for the process Min → P`+`−, where both initial Min = B, and final
state meson P = K, are pseudoscalar in nature, can be expressed as
〈K(k)|s¯γµb|B(p)〉 = fK+ (q2)Pµ + fK− (q2)qµ, (3.10)
〈K(k)|s¯σµνqνb|B(p)〉 = − f
K
T (q
2)
mB +mK
[
q2Pµ −
(
m2B −m2K
)
qµ
]
. (3.11)
Using the above matrix elements in Eq. (2.3), the decay amplitude for Min → P`+`−, is
given as
M (Min → P`+`−) = GFα
2
√
2pi
VtbV
∗
ts{T 1,Pµ (¯`γµ`) + T 2,Pµ (¯`γµγ5`)}, (3.12)
where T i,Pµ (i = 1, 2), are again given in terms of Wilson coefficients and transition form
factors
T i,Kµ = PµF i,K+ (q2) + qµF i,K− (q2), (3.13)
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F1,K+ (q2) = (Ceff9 + CNP9` + CNP9′` )fK+ (q2) +
2mb(
mB +mK
)Ceff7 fKT (q2), (3.14)
F1,K− (q2) = (Ceff9 + CNP9` + CNP9′` )fK− (q2)−
2mb
q2
(
mB −mK
)
Ceff7 f
K
T (q
2), (3.15)
F2,K± (q2) = (C10 + CNP10` + CNP10′`)fK± (q2). (3.16)
For the B → K`+`− decay, fK+ , fK0 , fKT form factors are used in the numerical analysis.
Therefore, fK− (q2) form factor is decomposed using a similar expression to Eq. (3.8).
For B → K transition form factors, light cone sum rules (LCSR) predictions can be
extrapolated at q2 ≤ 8GeV2 to the whole kinematical region by applying z-series expansion
[63].
z(q2, t0) =
√
t+ − q2 −√t+ − t0√
t+ − q2 +√t+ − t0
, (3.17)
where t+ = (mB + mK)
2 and t0 = (mB + mK)(
√
mB − √mK)2. The simplified series
expansion for B → P form factors has been adopted which was originally proposed in [64].
fK+,T ≡ f+,TB→K(q2) =
f+,TB→K(0)
1− q2/m2B
{
1 +
N−1∑
k=1
b+,Tk,K
(
z(q2, t0)
k − z(0, t0)k
−(−1)N−k k
N
[z(q2, t0)
N − z(0, t0)N ]
)}
, (3.18)
fK0 ≡ f0B→K(q2) = f0B→K(0)
{
1 +
N∑
k=1
b0k,K
(
z(q2, t0)
k − z(0, tk)k
)}
. (3.19)
The numerical values of the form factors at q2 = 0, and parameters given in Eqs. (3.18)
and (3.19) are presented in table-2 of Ref. [63].
3.3 Min → V `+`− case
For the process Min → V `+`−, where the parent particle Min = B or Bs, and the daughter
particle V is a vector meson 1−, such as V = K∗ or φ, the matrix elements for such decays
can be parameterized in terms of the form factors as〈
K∗
(
φ
)
(k, ) |s¯γµb|B
(
Bs
)
(p)
〉
=
2µναβ
mB(Bs) +mK∗(φ)
 ∗νpαkβV K
∗(φ)(q2), (3.20)〈
K∗
(
φ
)
(k, ) |s¯γµγ5b|B(Bs
)
(p)
〉
= i
(
mB(Bs) +mK∗(φ)
)
gµν
∗νAK
∗(φ)
1 (q
2)
− iPµ( ∗ · q) A
K∗(φ)
2 (q
2)(
mB(Bs) +mK∗(φ)
)
− i2mK∗(φ)
q2
qµ(
∗ · q)
[
A
K∗(φ)
3 (q
2)−AK∗(φ)0 (q2)
]
, (3.21)
where
A
K∗(φ)
3 (q
2) =
mB(Bs) +mK∗(φ)
2mK∗(φ)
A
K∗(φ)
1 (q
2)− mB(Bs) −mK∗(φ)
2mK∗(φ)
A
K∗(φ)
2 (q
2), (3.22)
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with A3(0) = A0(0). Here and throughout the whole study, we use 0123 = +1 convention
for the Levi-Civita tensor. The additional form factors are the tensor form factors which
can be expressed as〈
K∗
(
φ
)
(k, ) |s¯iσµνqνb|B
(
Bs
)
(p)
〉
= −2µναβ ∗νpαkβTK
∗(φ)
1 (q
2), (3.23)〈
K∗
(
φ
)
(k, ) |s¯iσµνqνγ5b|B
(
Bs
)
(p)
〉
= i
[ (
m2B(Bs) −m2K∗(φ)
)
gµν
∗ν
− ( ∗ · q)Pµ
]
T
K∗(φ)
2 (q
2) + i( ∗ · q)
×
[
qµ − q
2
m2B(Bs) −m2K∗(φ)
Pµ
]
T
K∗(φ)
3 (q
2), (3.24)
with T1(0) = T2(0). With the help of above matrix elements, for the case of Min → V `+`−,
generalized decay amplitude in Eq. (2.3), takes the form
M (Min → V `+`−) = GFα
2
√
2pi
VtbV
∗
ts{T 1,Vµ ()(¯`γµ`) + T 2,Vµ ()(¯`γµγ5`)}, (3.25)
where
T 1,K
∗(φ)
µ () = 
∗ν(r)T 1,K
∗(φ)
µν , (3.26)
T 1,K
∗(φ)
µν = µναβp
αkβFK∗(φ)1 − igµνFK
∗(φ)
2 + iPµqνFK
∗(φ)
3 + iqµqνFK
∗(φ)
4 , (3.27)
FK∗(φ)1 = 2(Ceff9 + CNP9` + CNP9′` )
V K
∗(φ)
mB(Bs) +mK∗(φ)
+
4mb
q2
Ceff7 T
K∗(φ)
1 , (3.28)
FK∗(φ)2 = (Ceff9 + CNP9` − CNP9′` )
(
mB(Bs) +mK∗(φ)
)
A
K∗(φ)
1
+
2mb
q2
Ceff7
(
m2B(Bs) −m2K∗(φ)
)
T
K∗(φ)
2 , (3.29)
FK∗(φ)3 = (Ceff9 + CNP9` − CNP9′` )
A
K∗(φ)
2
mB(Bs) +mK∗(φ)
+
2mb
q2
Ceff7
TK∗(φ)2 + q2(
m2B(Bs) −m2K∗(φ)
)TK∗(φ)3
 , (3.30)
FK∗(φ)4 = (Ceff9 + CNP9` − CNP9′` )
2mK∗(φ)
q2
[A
K∗(φ)
3 −AK
∗(φ)
0 ]−
2mb
q2
Ceff7 T
K∗(φ)
3 . (3.31)
The hadronic amplitude associated with ¯`γµγ5` is
T 2,K
∗(φ)
µ () = 
∗ν(r)T 2,K
∗(φ)
µν , (3.32)
where
T 2,K
∗(φ)
µν = µναβp
αkβFK∗(φ)5 − igµνFK
∗(φ)
6 + iPµqνFK
∗(φ)
7 + iqµqνFK
∗(φ)
8 , (3.33)
– 9 –
FK∗(φ)5 = 2(C10 + CNP10` + CNP10′`)
V K
∗(φ)
mB(Bs) +mK∗(φ)
, (3.34)
FK∗(φ)6 = (C10 + CNP10` − CNP10′`)
(
mB(Bs) +mK∗(φ)
)
A
K∗(φ)
1 , (3.35)
FK∗(φ)7 = (C10 + CNP10` − CNP10′`)
A
K∗(φ)
2
mB(Bs) +mK∗(φ)
, (3.36)
FK∗(φ)8 = (C10 + CNP10` − CNP10′`)
2mK∗(φ)
q2
[A
K∗(φ)
3 −AK
∗(φ)
0 ]. (3.37)
For the decays B → K∗`+`− and Bs → φ`+`−, we use the series expansion fits to LCSR
and lattice form factors [65]. The fits are based on a rapidly converging series parameter
z′(q2) =
√
t′+ − q2 −
√
t′+ − t′0√
t′+ − q2 +
√
t′+ − t′0
, (3.38)
where t′± =
(
mB(Bs) ±mK∗(φ)
)2
and t′0 = t′+
(
1−
√
1− t
′
−
t′+
)
. The transition form factors
in terms of rapidly converging series parameter can be expressed as [65]
Fi(q
2) = Pi(q
2)
∑
k
αik[z
′(q2)− z′(0)]k, (3.39)
where Pi(q
2) = 1
(1−q2/m2R,i)
is simple pole representing the first resonance in the spectrum.
In order to evaluate the transition form factors for B → K∗`+`− and Bs → φ`+`− decays,
the form factors are evaluated at q2 = 0 and the numerical values of these form factors
are presented in table-4 of Ref. [65]. The values of the masses of resonances mR,i and
parameters αik are given in table-3 and table-15, respectively [65].
3.4 Min → A`+`− case
For Min → A`+`− decay, where Min = B, and Mf = A, is a final state axial vector meson
1+, such as K1(1270, 1400) meson. For this decay the matrix element can be parameterized
in terms of transition form factors as follows
〈K1(k, )|s¯γµb|B(p)〉 = − (mB +mK1) gµν ∗νV K11 (q2) + Pµ( ∗ · q)
V K12 (q
2)
(mB +mK1)
+
2mK1
q2
qµ(
∗ · q)[V K13 (q2)− V K10 (q2)], (3.40)
〈K1(k, )|s¯γµγ5b|B(p)〉 = 2iµναβ
mB +mK1
 ∗νpαkβAK1(q2), (3.41)
where
V K13 (q
2) =
mB +mK1
2mK1
V K11 (q
2)− mB −mK1
2mK1
V K12 (q
2), (3.42)
V K13 (0) = V
K1
0 (0).
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The other contributions from the tensor form factors are
〈K1(k, )|s¯iσµνqνb|B(p)〉 =
[(
m2B −m2K1
)
gµν
∗ν − ( ∗ · q)Pµ
]
TK12 (q
2)
+ ( ∗ · q)
[
qµ − q
2
m2B −m2K1
Pµ
]
TK13 (q
2), (3.43)
〈K1(k, )|s¯iσµνqνγ5b|B(p)〉 = 2iµναβ ∗νpαkβTK11 (q2) , (3.44)
with TK11 (0) = T
K1
2 (0). Including the above matrix elements in Eq. (2.3), leads to the
decay amplitude for the case of Min → A`+`−, to be
M (Min → A`+`−) = GFα
2
√
2pi
VtbV
∗
ts{T 1,Aµ ()(¯`γµ`) + T 2,Aµ ()(¯`γµγ5`)}, (3.45)
where
T 1,K1µ () = 
∗ν(r)T 1,K1µν , (3.46)
T 1,K1µν = −iµναβpαkβFK11 − gµνFK12 + PµqνFK13 + qµqνFK14 , (3.47)
FK11 = 2(Ceff9 + CNP9` − CNP9′` )
AK1
mB +mK1
+
4mb
q2
Ceff7 T
K1
1 , (3.48)
FK12 = (Ceff9 + CNP9` + CNP9′` ) (mB +mK1)V K11 +
2mb
q2
Ceff7
(
m2B −m2K1
)
TK12 , (3.49)
FK13 = (Ceff9 + CNP9` + CNP9′` )
V K12
mB +mK1
+
2mb
q2
Ceff7
(
TK12 +
q2
(m2B −m2K1)
TK13
)
, (3.50)
FK14 = (Ceff9 + CNP9` + CNP9′` )
2mK1
q2
[V K13 − V K10 ]−
2mb
q2
Ceff7 T
K1
3 . (3.51)
Similarly, hadronic amplitude associated with leptonic axial-vector current is
T 2,K1µ () = 
∗ν(r)T 2,K1µν , (3.52)
where
T 2,K1µν = −iµναβpαkβFK15 − gµνFK16 + PµqνFK17 + qµqνFK18 , (3.53)
FK15 = 2(C10 + CNP10` − CNP10′`)
AK1
mB +mK1
, (3.54)
FK16 = (C10 + CNP10` + CNP10′`) (mB +mK1)V K11 , (3.55)
FK17 = (C10 + CNP10` + CNP10′`)
V K12
mB +mK1
, (3.56)
FK18 = (C10 + CNP10` + CNP10′`)
2mK1
q2
[V K13 − V K10 ]. (3.57)
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The physical states K1(1270) and K1(1400) are mixed states of K1A and K1B with mixing
angle θK1 defined as
|K1(1270)〉 = |K1A〉 sin θK1 + |K1B〉 cos θK1 , (3.58)
|K1(1400)〉 = |K1A〉 cos θK1 − |K1B〉 sin θK1 . (3.59)
The corresponding mixing relations among different matrix elements and for the form
factors are explicitly given in [57, 66–68]. For numerical analysis we use the light-cone
QCD sum rule form factors [66]
T Xi (q2) =
T Xi (0)
1− aXi
(
q2/m2B
)
+ bXi
(
q2/m2B
)2 , (3.60)
where T is A, V or T form factors and the subscript i can take a value 0, 1, 2 or 3, and
the superscript X denotes the K1A or K1B states.
3.5 Λb → Λ`+`− case
The matrix elements for the process Λb → Λ`+`−, where both initial Min = Λb, and final
state baryon Λ, are spin half particles, can be conveniently written in the helicity basis
〈Λ(k, sΛ) |s¯γµb|Λb(p, sΛb)〉 = u¯Λ(k, sΛ)
[
fVt (q
2)(mΛb −mΛ)
qµ
q2
+ fV0 (q
2)
mΛb +mΛ
s+
{
pµ + kµ − qµ
q2
(m2Λb −m2Λ)
}
+ fV⊥ (q
2)
{
γµ − 2mΛ
s+
pµ − 2mΛb
s+
kµ
}]
uΛb(p, sΛb), (3.61)
〈Λ(k, sΛ) |s¯γµγ5b|Λb(p, sΛb)〉 = −u¯Λ(k, sΛ)γ5
[
fAt (q
2)(mΛb +mΛ)
qµ
q2
+ fA0 (q
2)
mΛb −mΛ
s−
{
pµ + kµ − qµ
q2
(m2Λb −m2Λ)
}
+ fA⊥ (q
2)
{
γµ +
2mΛ
s−
pµ − 2mΛb
s−
kµ
}]
uΛb(p, sΛb), (3.62)
where we have s± = (mΛb ±mΛ)2 − q2. Additionally,
〈Λ(k, sΛ)|s¯iσµνγνb|Λb(p, sΛb)〉 = −u¯Λ(k, sΛ)
[
fT0 (q
2)
q2
s+
{
pµ + kµ − qµ
q2
(m2Λb −m2Λ)
}
+ fT⊥(q
2)(mΛb +mΛ)
{
γµ − 2mΛ
s+
pµ − 2mΛb
s+
kµ
}]
uΛb(p, sΛb), (3.63)
〈Λ(k, sΛ)|s¯iσµνγνγ5b|Λb(p, sΛb)〉 = −u¯Λ(k, sΛ)γ5
[
fT50 (q
2)
q2
s−
{
pµ + kµ − qµ
q2
(m2Λb −m2Λ)
}
+ fT5⊥ (q
2)(mΛb −mΛ)
{
γµ +
2mΛ
s−
pµ − 2mΛb
s−
kµ
}]
uΛb(p, sΛb), (3.64)
After including these matrix elements in Eq. (2.3), the decay amplitude for Λb → Λ`+`−
decay can be given as
MsΛb ,sΛ (Λb → Λ`+`−) = GFα
2
√
2pi
VtbV
∗
ts
{
T 1µ(sΛb , sΛ)(
¯`γµ`)
+ T 2µ(sΛb , sΛ)(
¯`γµγ5`)
}
, (3.65)
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where
T 1µ(sΛb , sΛ) = u¯Λ(k, sΛ)
[
qµ(R1 +R2γ5) + pµ(R3 +R4γ5)
+ kµ(R5 +R6γ5) + γµ(R7 −R8γ5)
]
uΛb(p, sΛb), (3.66)
R1(2) = (Ceff9 + CNP9` ± CNP9′` )
(mΛb ∓mΛ)
q2
(
f
V (A)
t −
(mΛb ±mΛ)2
s±
f
V (A)
0
)
− 2mb
q2
Ceff7
(
m2Λb −m2Λ
)
s±
f
T (T5)
0 , (3.67)
R3(4) = (Ceff9 + CNP9` ± CNP9′` )
(
mΛb ±mΛ
s±
f
V (A)
0 ∓
2mΛ
s±
f
V (A)
⊥
)
+
2mb
q2
Ceff7
(
q2
s±
f
T (T5)
0 ∓
2mΛ
s±
(mΛb ±mΛ) fT (T5)⊥
)
, (3.68)
R5(6) = (Ceff9 + CNP9` ± CNP9′` )
(
mΛb ±mΛ
s±
f
V (A)
0 −
2mΛb
s±
f
V (A)
⊥
)
+
2mb
q2
Ceff7
(
q2
s±
f
T (T5)
0 −
2mΛb
s±
(mΛb ±mΛ) fT (T5)⊥
)
, (3.69)
R7(8) = (Ceff9 + CNP9` ± CNP9′` )fV (A)⊥ +
2mb
q2
Ceff7 (mΛb ±mΛ) fT (T5)⊥ , (3.70)
Similarly,
T 2µ(sΛb , sΛ) = u¯Λ(k, sΛ)
[
qµ(R9 +R10γ5) + pµ(R11 +R12γ5)
+ kµ(R13 +R14γ5) + γµ(R15 −R16γ5)
]
uΛb(p, sΛb), (3.71)
R9(10) = (C10 + CNP10` ± CNP10′`)
(mΛb ∓mΛ)
q2
(
f
V (A)
t −
(mΛb ±mΛ)2
s±
f
V (A)
0
)
, (3.72)
R11(12) = (C10 + CNP10` ± CNP10′`)
(
mΛb ±mΛ
s±
f
V (A)
0 ∓
2mΛ
s±
f
V (A)
⊥
)
, (3.73)
R13(14) = (C10 + CNP10` ± CNP10′`)
(
mΛb ±mΛ
s±
f
V (A)
0 −
2mΛb
s±
f
V (A)
⊥
)
, (3.74)
R15(16) = (C10 + CNP10` ± CNP10′`)fV (A)⊥ . (3.75)
For the Λb → Λ`+`− decay, we use the lattice QCD results of the form factors for whole
q2 range [69]. The form factors used in [69] are related to our notation of the form factors
as fVt,0,⊥ = f0,+,⊥, f
A
t,0,⊥ = g0,+,⊥, f
T
0,⊥ = h+,⊥, and f
T5
0,⊥ = h˜+,⊥. In the numerical analysis,
to estimate the central value of the LFUV ratio and the total uncertainty due to the
form factors, we employ the steps given in Eqs. (50)-(55), in Ref. [69]. For that we use
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the “nominal” fit and “higher-order” fit form factors which correspond to the following
z′′-parametrization
f(q2) =
1
1− q2/(mfpole)2
[af0 + a
f
1z
′′(q2)], (3.76)
f(q2) =
1
1− q2/(mfpole)2
[af0 + a
f
1z
′′(q2) + af2 [z
′′(q2)]2], (3.77)
where
z′′(q2) =
√
t′′+ − q2 −
√
t′′+ − t′′0√
t′′+ − q2 +
√
t′′+ − t′′0
, (3.78)
with t′′0 = (mΛb −mΛ)2 and t′′+ = (mB +mK)2. The values of the fit parameters are taken
from table-IV and table-V, while the correlation matrices are given in appendix of Ref.
[69].
4 Helicity framework and helicity amplitudes
The decay amplitudes can be expressed in terms of helicity basis as described in [70]
and references therein. The orthonormality and completeness properties of helicity basis
εα(n = t,+,−, 0), with three spin 1 components orthogonal to momentum transfer i.e.,
q · ε(±) = q · ε = 0, can be expressed as follows
ε∗α(n)εα(l) = gnl,
∑
n,l=t,+,−,0
ε∗α(n)εβ(l)gnl = gαβ, (4.1)
with gnl = diag(+,−,−,−). Using the completeness property given in Eq. (4.1), the
contraction of leptonic tensors L(k)αβ and hadronic tensors H ijαβ = T
i,Mf
α T
j,Mf
β (i, j = 1, 2),
can be written as
L(k)αβH ijαβ =
∑
n,n′,l,l′
L
(k)
nl gnn′gll′H
ij
n′l′ , (4.2)
where the leptonic and hadronic tensors are expressed in the helicity basis as follows
L
(k)
nl = ε
α(n)ε∗β(l)L(k)αβ , H
ij
nl = ε
∗α(n)εβ(l)H ijαβ. (4.3)
Both leptonic and hadronic tensors given in Eq. (4.3), will be evaluated in two different
frame of references. The lepton tensor L
(k)
nl will be evaluated in ll¯ CM frame. However the
hadron tensor H ijnl will be evaluated in the rest frame of decaying hadron.
4.1 Helicity amplitudes for Min → S`+`− decays
H ijnl =
(
ε∗α(n)T i,Sα
) · (ε∗β(l)T j,Sβ ) ≡ H i,Sn H j,Sl , (4.4)
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where, for Min = Bs, and S = f0(980), explicit helicity amplitudes are obtained as
H1,f0t = i
m2Bs −m2f0√
q2
(Ceff9 + C
NP
9` − CNP9′` )ff00 (q2),
H2,f0t = i
m2Bs −m2f0√
q2
(C10 + C
NP
10` − CNP10′`)ff00 (q2),
H i,f0± = 0,
H1,f00 = i
√
λ
q2
[
(Ceff9 + C
NP
9` − CNP9′` )ff0+ (q2) +
2mb
mBs +mf0
Ceff7 f
f0
T (q
2)
]
,
H2,f00 = i
√
λ
q2
[
(C10 + C
NP
10` − CNP10′`)ff0+ (q2)
]
, (4.5)
similarly, for Min = B, and S = K
∗
0 (1430),
H
1,K∗0
t = i(C
eff
9 + C
NP
9` − CNP9′` )
[m2B −m2K∗0√
q2
f
K∗0
+ (q
2) +
√
q2f
K∗0− (q
2)
]
,
H
2,K∗0
t = i(C10 + C
NP
10` − CNP10′`)
[m2B −m2K∗0√
q2
f
K∗0
+ (q
2) +
√
q2f
K∗0− (q
2)
]
,
H
i,K∗0± = 0,
H
1,K∗0
0 = i
√
λ
q2
[
(Ceff9 + C
NP
9` − CNP9′` )fK
∗
0
+ (q
2) +
2mb
mB +mK∗0
Ceff7 f
K∗0
T (q
2)
]
,
H
2,K∗0
0 = i
√
λ
q2
[
(C10 + C
NP
10` − CNP10′`)fK
∗
0
+ (q
2)
]
. (4.6)
Here λ ≡ λ(m2Bs(B),m2f0(K∗0 ), q
2).
4.2 Helicity amplitudes for Min → P`+`− decays
H ijnl =
(
ε∗α(n)T i,Pα
) · (ε∗β(l)T j,Pβ ) ≡ H i,Pn H j,Pl , (4.7)
where, for Min = B, and P = K, explicit helicity amplitudes are calculated as
H1,Kt =
m2B −m2K√
q2
(Ceff9 + C
NP
9` + C
NP
9′` )f
K
0 (q
2),
H2,Kt =
m2B −m2K√
q2
(C10 + C
NP
10` + C
NP
10′`)f
K
0 (q
2),
H i,K± = 0,
H1,K0 =
√
λ
q2
[
(Ceff9 + C
NP
9` + C
NP
9′` )f
K
+ (q
2) +
2mb
mB +mK
Ceff7 f
K
T (q
2)
]
,
H2,K0 =
√
λ
q2
[
(C10 + C
NP
10` + C
NP
10′`)f
K
+ (q
2)
]
. (4.8)
Here λ ≡ λ(m2B,m2K , q2).
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4.3 Helicity amplitudes for Min → V `+`− decays
H ijnl =
(
ε∗α(n)T i,Vα
) · (ε∗β(l)T j,Vβ )
=
(
ε∗α(n)∗µ(r)T i,Vα,µ
) · (ε∗β(l)∗ν(s)T j,Vβ,ν )δrs ≡ H i,Vn H j,Vl , (4.9)
where, from angular momentum conservation, r = n and s = l for n, l = ±, 0 and r, s = 0
for n, l = t. The explicit helicity amplitudes for Min = B(Bs), and V = K
∗(φ), are derived
in terms of the Wilson coefficients and the form factors as
H
1,K∗(φ)
t = −i
√
λ
q2
(Ceff9 + C
NP
9` − CNP9′` )AK
∗(φ)
0 ,
H
2,K∗(φ)
t = −i
√
λ
q2
(C10 + C
NP
10` − CNP10′`)AK
∗(φ)
0 ,
H
1,K∗(φ)
± = −i
(
m2B(Bs) −m2K∗(φ)
) [
(Ceff9 + C
NP
9` − CNP9′` )
A
K∗(φ)
1(
mB(Bs) −mK∗(φ)
)
+
2mb
q2
Ceff7 T
K∗(φ)
2
]
± i
√
λ
[
(Ceff9 + C
NP
9` + C
NP
9′` )
V K
∗(φ)(
mB(Bs) +mK∗(φ)
)
+
2mb
q2
Ceff7 T
K∗(φ)
1
]
,
H
2,K∗(φ)
± = −i(C10 + CNP10` − CNP10′`)
(
mB(Bs) +mK∗(φ)
)
A
K∗(φ)
1
± i
√
λ(C10 + C
NP
10` + C
NP
10′`)
V K
∗(φ)(
mB(Bs) +mK∗(φ)
) ,
H
1,K∗(φ)
0 = −
8imB(Bs)mK∗(φ)√
q2
[
(Ceff9 + C
NP
9` − CNP9′` )AK
∗(φ)
12 +mbC
eff
7
T
K∗(φ)
23
mB(Bs) +mK∗(φ)
]
,
H
2,K∗(φ)
0 = −
8imB(Bs)mK∗(φ)√
q2
[
(C10 + C
NP
10` − CNP10′`)AK
∗(φ)
12
]
, (4.10)
where λ ≡ λ(m2B(Bs),m2K∗(φ), q2), and we have used relations between the form factors [65]
A
K∗(φ)
12 =
(
mB(Bs) +mK∗(φ)
)2
(m2B(Bs) −m2K∗(φ) − q2)A
K∗(φ)
1 − λAK
∗(φ)
2
16mB(Bs)m
2
K∗(φ)
(
mB(Bs) +mK∗(φ)
) ,
T
K∗(φ)
23 =
(
m2B(Bs) −m2K∗(φ)
)
(m2B(Bs) + 3m
2
K∗(φ) − q2)T
K∗(φ)
2 − λTK
∗(φ)
3
8mB(Bs)m
2
K∗(φ)
(
mB(Bs) −mK∗(φ)
) . (4.11)
4.4 Helicity amplitudes for Min → A`+`− decays
H ijnl =
(
ε∗α(n)T i,Aα
) · (ε∗β(l)T j,Aβ )
=
(
ε∗α(n)∗µ(r)T i,Aα,µ
) · (ε∗β(l)∗ν(s)T j,Aβ,ν )δrs ≡ H i,An H j,Al , (4.12)
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where, from angular momentum conservation, r = n and s = l for n, l = ±, 0 and r, s = 0
for n, l = t. The explicit helicity amplitudes for Min = B, and A = K1, are given as
H1,K1t = −
√
λ
q2
(Ceff9 + C
NP
9` + C
NP
9′` )V
K1
0 ,
H2,K1t = −
√
λ
q2
(C10 + C
NP
10` + C
NP
10′`)V
K1
0 ,
H1,K1± = −
(
m2B −m2K1
) [
(Ceff9 + C
NP
9` + C
NP
9′` )
V K11
mB −mK1
+
2mb
q2
Ceff7 T
K1
2
]
±
√
λ
[
(Ceff9 + C
NP
9` − CNP9′` )
AK1
mB +mK1
+
2mb
q2
Ceff7 T
K1
1
]
,
H2,K1± = −(C10 + CNP10` + CNP10′`) (mB +mK1)V K11 ±
√
λ(C10 + C
NP
10` − CNP10′`)
AK1
mB +mK1
,
H1,K10 = −
1
2mK1
√
q2
[
(Ceff9 + C
NP
9` + C
NP
9′` )
{
(m2B −m2K1 − q2) (mB +mK1)V K11
− λ
mB +mK1
V K12
}
+ 2mbC
eff
7
{
(m2B + 3m
2
K1 − q2)TK12 −
λ
m2B −m2K1
TK13
}]
,
H2,K10 = −
1
2mK1
√
q2
(C10 + C
NP
10` + C
NP
10′`)
[
(m2B −m2K1 − q2) (mB +mK1)V K11
− λ
mB +mK1
V K12
]
. (4.13)
Here λ ≡ λ(m2B,m2K1 , q2).
4.5 Helicity amplitudes for Λb → Λ`+`− decay
H ijnl =
∑
sΛb ,sΛ
(
ε∗α(n)T iα(sΛb , sΛ)
) · (ε∗β(l)T jβ(sΛb , sΛ))
≡
∑
sΛb ,sΛ
H in(sΛb , sΛ)H
j
l (sΛb , sΛ). (4.14)
The helicity sΛb of the parent baryon is fixed by angular momentum conservation relation,
sΛb = −sΛ + λjeff . The possible helicity configurations are shown in table 2. Using the
explicit results of the spinor matrix elements for different combinations of spin orienta-
tions, represented in appendix D, we work out the expressions of the non-vanishing helicity
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sΛb sΛ λjeff
+12 −12 0(t)
−12 +12 0(t)
+12 +
1
2 1
−12 −12 −1
Table 2. The possible helicity configurations for Λb → Λ`+`− decay.
amplitudes
H1t (±1/2,∓1/2) = ∓
mΛb −mΛ√
q2
√
s+(C
eff
9 + C
NP
9` + C
NP
9′` )f
V
t
− mΛb +mΛ√
q2
√
s−(Ceff9 + C
NP
9` − CNP9′` )fAt ,
H2t (±1/2,∓1/2) = ∓
mΛb −mΛ√
q2
√
s+(C10 + C
NP
10` + C
NP
10′`)f
V
t
− mΛb +mΛ√
q2
√
s−(C10 + CNP10` − CNP10′`)fAt ,
H1±(±1/2,±1/2) = ±
√
2s−
[
(Ceff9 + C
NP
9` + C
NP
9′` )f
V
⊥ +
2mb
q2
Ceff7 (mΛb +mΛ)f
T
⊥
]
−√2s+[(Ceff9 + CNP9` − CNP9′` )fA⊥ + 2mbq2 Ceff7 (mΛb −mΛ)fT5⊥ ],
H2±(±1/2,±1/2) = ±
√
2s−(C10 + CNP10` + C
NP
10′`)f
V
⊥ −
√
2s+(C10 + C
NP
10` − CNP10′`)fA⊥ ,
H10 (±1/2,∓1/2) = ∓
√
s−
q2
[
(Ceff9 + C
NP
9` + C
NP
9′` )(mΛb +mΛ)f
V
0 + 2mbC
eff
7 f
T
0
]
−
√
s+
q2
[
(Ceff9 + C
NP
9` − CNP9′` )(mΛb −mΛ)fA0 + 2mbCeff7 fT50
]
,
H20 (±1/2,∓1/2) = ∓
√
s−
q2
(C10 + C
NP
10` + C
NP
10′`)(mΛb +mΛ)f
V
0
−
√
s+
q2
(C10 + C
NP
10` − CNP10′`)(mΛb −mΛ)fA0 . (4.15)
It is important here to mention that the expressions of the helicity amplitudes correspond to
intermediate results and depend upon the kinematics and polarization vectors convention.
For the Λb → Λ`+`− decay, our conventions are consistent with that of used in Ref. [71].
However, the final decay observables remain same and are independent of the conventions
used.
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5 Formulation of physical observables
The differential decay rate in terms of helicity amplitudes for Min →Mf `+`− transitions,
with Min = B,Bs and Mf = f0,K
∗
0 ,K,K
∗, φ,K1, can be expressed as [70]
dΓ (Min →Mf `+`−)
dq2
=
G2Fα
2|VtbV ∗ts|2q2
√
λβl
3.29m3inpi
5
[
2m2`
q2
3Re
(
H
2,Mf
t H
2,Mf
t
)
+
(
1 +
2m2`
q2
)[
H1,M
T
f H
1,MTf +Re
(
H
1,Mf
0 H
1,Mf
0
) ]
+
(
1− 4m
2
`
q2
)[
H2,M
T
f H
2,MTf +Re
(
H
2,Mf
0 H
2,Mf
0
) ]]
, (5.1)
where
H i,M
T
f H
i,MTf ≡ Re
(
H
i,Mf
+ H
i,Mf
+
)
+Re
(
H
i,Mf
− H
i,Mf
−
)
. (5.2)
When the final state (Mf ), is a vector or axial-vector, the longitudinal and transverse
polarizations can be separated and labeled as L and T , respectively. The corresponding
decay rates are written as
dΓ(Min →MLf `+`−)
dq2
=
G2Fα
2|VtbV ∗ts|2q2
√
λβl
3.29m3inpi
5
[
2m2`
q2
3Re
(
H
2,Mf
t H
2,Mf
t
)
+
(
1 +
2m2`
q2
)
Re
(
H
1,Mf
0 H
1,Mf
0
)
+
(
1− 4m
2
`
q2
)
Re
(
H
2,Mf
0 H
2,Mf
0
)]
, (5.3)
dΓ(Min →MTf `+`−)
dq2
=
G2Fα
2|VtbV ∗ts|2q2
√
λβl
3.29m3inpi
5
[(
1 +
2m2`
q2
)
H1,M
T
f H
1,MTf
+
(
1− 4m
2
`
q2
)
H2,M
T
f H
2,MTf
]
, (5.4)
Similarly, differential decay rate for Λb → Λ`+`− decay is calculated as
dΓ (Λb → Λ`+`−)
dq2
=
G2Fα
2|VtbV ∗ts|2q2
√
λβl
3.210m3Λbpi
5
[
2m2`
q2
3
{ ∣∣H2t (+1/2,−1/2)∣∣2
+
∣∣H2t (−1/2,+1/2)∣∣2 }+ (1 + 2m2`q2
){ ∣∣H1+(+1/2,+1/2)∣∣2
+
∣∣H1−(−1/2,−1/2)∣∣2 + ∣∣H10 (+1/2,−1/2)∣∣2 + ∣∣H10 (−1/2,+1/2)∣∣2 }
+
(
1− 4m
2
`
q2
){ ∣∣H2+(+1/2,+1/2)∣∣2 + ∣∣H2−(−1/2,−1/2)∣∣2
+
∣∣H20 (+1/2,−1/2)∣∣2 + ∣∣H20 (−1/2,+1/2)∣∣2 }
]
. (5.5)
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The decay rate in Eq. (5.5) can be separated into two parts. The first part corresponding
to Λb and Λ having opposite spins is denoted as dΓ
(
Λb → Λ0`+`−
)
/dq2, while the other
part with Λb and Λ having same spins is labeled as dΓ
(
Λb → Λ1`+`−
)
/dq2. The LFUV
observables are constructed by taking the ratio of decay rates for Min → Mfµ+µ− and
Min →Mfe+e−,
RMf
[
q2min, q
2
max
]
=
∫ q2max
q2min
dq2dΓ(Min →Mfµ+µ−)/dq2∫ q2max
q2min
dq2dΓ(Min →Mfe+e−)/dq2
. (5.6)
For the vector and axial-vector final states, polarized LFUV ratios are defined as
R
ML, Tf
[
q2min, q
2
max
]
=
∫ q2max
q2min
dq2dΓ(Min →ML, Tf µ+µ−)/dq2∫ q2max
q2min
dq2dΓ(Min →ML, Tf e+e−)/dq2
. (5.7)
Similarly, for Λb → Λ`+`− decay
RΛ
[
q2min, q
2
max
]
=
∫ q2max
q2min
dq2dΓ(Λb → Λµ+µ−)/dq2∫ q2max
q2min
dq2dΓ(Λb → Λe+e−)/dq2
, (5.8)
RΛ0, 1
[
q2min, q
2
max
]
=
∫ q2max
q2min
dq2dΓ(Λb → Λ0, 1µ+µ−)/dq2∫ q2max
q2min
dq2dΓ(Λb → Λ0, 1e+e−)/dq2
. (5.9)
6 Predictions for LFUV ratios in the SM and the NP scenarios
6.1 NP scenarios
To give predictions and perform numerical analysis of the LFUV ratios, we first specify
our choice of the NP scenarios, from the recent global fit analyses, which could be easily
realized in the specific simple NP models.
1) Assuming LFUV NP in b→ sµ+µ− only, two basic (1D) NP scenarios (S1) CNP9µ and
(S2) CNP9µ = −CNP10µ, continue to provide better fit to all data, including the latest
experimental inputs [48, 51]. Therefore, for the S1 and S2 scenarios, we consider the
best-fit values of the Wilson coefficients from table-1 of Ref. [51], and collect them in
table 3, for the sake of completeness. S1 and S2 can be realized in the simplest NP
models involving the tree-level exchange of a leptoquark (LQ) or a Z ′ boson. While
S1 is only possible with a Z ′, S2 can appear in both LQ and Z ′ models [43].
– 20 –
Scenario Best-fit value 1σ
S1 CNP9µ −1.10 [−1.26,−0.94]
S2 CNP9µ = −CNP10µ −0.53 [−0.61,−0.45]
S3 CNP9µ = −CNP10µ −0.67 [−0.82,−0.52]
CNP9e = −CNP10e −0.28 [−0.48,−0.08]
S4 CNP9µ = −CNP10µ −0.64 [−0.78,−0.50]
CNP9e −0.65 [−1.09,−0.21]
S5 CV9µ = −CV10µ −0.30 [−0.42,−0.20]
CU9 −0.74 [−0.96,−0.51]
S6 CV9µ −1.03 [−1.22,−0.84]
CU10′ −0.29 [−0.47,−0.12]
Table 3. Best-fit values of the Wilson coefficients, and the 1σ ranges of different NP scenarios
with assumptions, such as, purely LFUV NP in b → sµ+µ−, additional arbitrary LFUV NP in
b→ se+e− along with LFUV NP in b→ sµ+µ−, and both LFU and LFUV NP.
2) Motivated by removing the tensions between the separate fits to LFD and LFUV
observables, we consider the NP scenarios extending S1 and S2, with additional
arbitrary LFUV NP in b→ se+e−, which affects only LFUV observables, leading to
improved pulls with respect to the SM. While several scenarios extending S1 and S2,
with the addition of one nonzero NP WC in b→ se+e− are reported in [51], we pick
only those scenarios, which can be realized in the context of the LQ and Z ′ models,
and have improved pulls with respect to the SM, compared to the ones obtained in
S1 and S2. Therefore, we consider S3 and S4 from table-4 of Ref. [51], that can be
generated in Z ′ model, whereas only S3 can be realized in the LQ models due to the
fact that leptoquarks can only contribute to CNP9` = −CNP10` , ` = e, µ. The best-fit
values of the WCs for S3 and S4 are listed in table 3.
3) Next, we consider the NP hypothesis which allows LFU NP (equal contributions for
all the lepton flavours), in addition to LFUV contributions to muons only. NP Wilson
coefficients in this case can be represented as
CNP
i(′)e = C
U
i(′) , C
NP
i(′)µ = C
U
i(′) + C
V
i(′)µ, (6.1)
with i = 9, 10, for the b → se+e− and b → sµ+µ− transitions, respectively. The
superscript “U” and “V” represents the LFU and LFUV contribution, respectively.
Several NP scenarios with both LFU and LFUV NP contributions are presented in
table-5 of Ref. [48]. For the sake of simplicity, we restrict to the NP scenarios,
which only extend S1 and S2, yielding equal or improved pulls compared to the
corresponding ones for the S1 and S2 scenarios, given in table-1 of [48], and can be
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fairly easily realized in specific NP models. It is important to mention that one should
be very careful while comparing pulls found in different analyses, as they strongly
depend on the choice of observables, treatment of the theoretical errors, and the fact
that how the analysis is performed. Therefore, we only consider comparison of pulls
between scenarios obtained within a single analysis. Based on the above criteria,
we consider S8 and S11 given in table-5 of [48], and label them as S5 and S6, as
shown in table 3. Scenario S5 can be generated via off-shell photon penguins [72] in
a LQ model, while S6 can be generated in Z ′ model with vector couplings to muons
and additional Vectorlike quarks with the quantum numbers of left-handed quarks
doublets [73].
It is worth mentioning that the above two methods of considering additional b → se+e−
NP are complementary and each NP scenario in one method can be translated into the
other, and vice versa [74], however, they offer distinct fitting mechanism to LFD and
LFUV observables and therefore may correspond to unique NP predictions. For example,
it is suggested in Ref. [55], that assuming both LFU and LFUV NP provides a different
mechanism to obey the constraint from the LFD observable B(Bs → µ+µ−), with large
value of CV10µ WC with opposite sign C
U
10 WC value, and hence allows the possibility of
new class of NP models with large LFU and LFUV contributions to C10µ at the same time,
to account for the combined LFD+LFUV observables. This result is not obtained with
only LFUV NP contributions to both b→ sµ+µ− and b→ se+e−, as the additional LFUV
NP in b → se+e−, affects only LFUV observables and the LFD observables, in this case,
explained only by the LFUV NP contributions to b → sµ+µ−, lead to the other favoured
NP scenarios with large pulls.
6.2 Predictions for the LFUV ratios
In this section, we give predictions for the various LFUV ratios, including (pseudo-)scalar
final states, Rf0 , RK∗0 , RK , unpolarized and polarized (axial-)vector final states, Rφ(L, T ) ,
RK∗(L, T ) , RK(L, T )1 (1270, 1400)
, and for Λ baryon with different spin orientations RΛ(0, 1) . Ex-
perimentally, RK(∗) has already been measured by LHCb in the kinematical region q
2 ≤ 6
GeV2, and by Belle in the low and high q2 regions with large errors. Future precision
measurements of high q2 bins at Belle II and LHCb will be complementary and important
for testing LFU, therefore, in our analysis, we give predictions for only high q2 bins of
RK(∗) .
In figures 1-5, we show the predicted values in the SM and the NP scenarios (using
the best-fit Wilson coefficients) for the LFUV ratios in the low q2 bin, [0.045, 1] GeV2,
the central q2 bin, [1, 6] GeV2, and the high q2 bin, [14, q2max] GeV
2, which include the
errors due to the hadronic form factors. We perform our numerical analysis mostly based
on these results. Additionally, tables 5-11, are given in appendix E, where we explicitly list
the central values and the errors due to form factors for the LFUV ratios in the SM and
the NP scenarios. In order to be more conservative, we also give the deviations of LFUV
ratios due to the 1σ ranges of the best-fit Wilson coefficients in these tables.
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6.2.1 SM and NP predictions for RS and RP
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Figure 1. Predictions for the LFUV ratios involving decays with scalar or pseudoscalar final state
particles, Rf0 , RK∗0 , and RK . Three kinematical regions, low [0.045, 1] GeV
2, central [1, 6] GeV2,
and high [14, q2max] GeV
2, are chosen, where q2max = 19.2, 14.9, and 22.9 GeV
2, for Rf0 , RK∗0 , and
RK , respectively. In each case, predictions from left to right, correspond to the SM and scenarios
S1 to S6, depicted with different colors.
In this section, we consider the LFUV ratios involving decays with scalar or pseu-
doscalar final states, Rf0 , RK∗0 , and RK . SM and NP predictions for these ratios are shown
in figure 1. It is clear from figure 1, that in all q2 bins, NP predictions for these ratios
are considerably lower than the corresponding SM predictions. Considering, Rf0 first, the
SM predictions of Rf0 in the central and high q
2 bins are relatively clean and these bins
are also very useful to distinguish among the different NP scenarios except between S1
and S6 scenario. Next, for RK∗0 , SM values in the low and central q
2 bins are very clean
therefore future measurements of RK∗0 in these bins have the potential to reveal NP unam-
biguously, however in order to distinguish among the different NP scenarios very precise
measurements of RK∗0 will be required in these two bins as the form factor uncertainties in
the NP scenarios also largely cancel out. On the other hand, the low q2 bin of Rf0 is not
very useful for distinguishing the NP scenarios as the NP predictions overlap frequently
due to large uncertainties, and the high q2 bin of RK∗0 can only help to differentiate S3
scenario because it does not overlap with the ranges of any other NP scenario. In any
case, NP predictions for Rf0 and RK∗0 should differ from the SM predictions, therefore it
would be very useful for testing LFU by measuring them. In addition, very interestingly,
the measurement of RK at high q
2, which can be accessible at Belle II [75], can almost
distinguish all NP scenarios, making such measurement very anticipated.
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6.2.2 SM and NP predictions for RV (L, T ) and RA(L, T )
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Figure 2. Predictions for the LFUV ratios involving decays with vector or axial-vector final state
particles, Rφ, RK∗ , RK1(1270), and RK1(1400), where only RK1(1270) values with θK1 = −34◦, and
RK1(1400) values with θK1 = 34
◦ are presented. Three kinematical regions, low [0.045, 1] GeV2,
central [1, 6] GeV2, and high [14, q2max] GeV
2, are chosen, where q2max = 18.9, 19.2, 16, and 15 GeV
2,
for Rφ, RK∗ , RK1(1270), and RK1(1400) respectively. In each case, predictions from left to right,
correspond to the SM and scenarios S1 to S6, depicted with different colors.
In this section, we consider the LFUV ratios involving decays with unpolarized and po-
larized vector or axial-vector final states, Rφ(L, T ) , RK∗(L, T ) , RK(L, T )1 (1270)
, and R
K
(L, T )
1 (1400)
.
Before presenting our predictions, we need to specify what value of the K1 mixing an-
gle θK1 , we adopt. In fact, there are two widely used values, i.e., θK1 ∼ −34◦ [76],
from B → K1γ and τ → K1(1270)ν, and θK1 ∼ 34◦ [77, 78], from the study of the
f1(1285) − f1(1420) and h1(1170) − h1(1380) mixing. These different possibilities of θK1
lead to different predictions for the observables. In the case of θK1 = −34◦, the branching
ratio of B(B → K1(1400)`+`−) is suppressed by one to two orders of magnitude with re-
spect to B(B → K1(1270)`+`−), while in the case of θK1 = 34◦, the situation is reversed,
B(B → K1(1270)`+`−) is more suppressed. Given the highly suppressed decay modes are
difficult to measure experimentally, we only present the enhanced mode for each possibility
of θK1 , i.e., B → K1(1270)`+`−, for θ = −34◦, and B → K1(1400)`+`−, for θ = 34◦.
In fact, these two cases have very analogous predictions for RK1 as can be seen in the
subsequent analysis.
In figure 2, we present the SM and the NP predictions for the unpolarized LFUV ratios,
Rφ, RK∗ , and RK1(1270, 1400), where we observe that in the low q
2 region [0.045, 1] GeV2, Rφ
is able to discriminate between the SM and the NP values although it cannot distinguish
any specific NP scenario, and on the contrary RK1(1270, 1400), in the same q
2 bin, do not
have good sensitivity to NP as the NP predictions overlap with the SM ranges, which also
have relatively large uncertainties. With the increase of the momentum transfer, Rφ and
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RK1 become more sensitive to NP: in the central q
2 region [1, 6] GeV2, Rφ can distinguish
S2 and S5, and RK1(1270, 1400) are also able to discriminate S2. The measurement of Rφ
in this region is very useful given the statistical uncertainty can be less than 0.05 after 50
fb−1 data is accumulated at LHCb [79]. Furthermore, in the high q2 region, sensitivity
to NP becomes even more clear as both Rφ and RK1(1270, 1400) have very small errors
for the SM and NP predictions, and thus should be able to distinguish among most NP
scenarios except between S1 and S6 in the case of Rφ, and between S3 and S6 in case of
RK1(1270, 1400). Besides, the high q
2 bin of RK∗ is also very useful for differentiating among
the NP scenarios except between S1 and S6, therefore future measurements of both RK
and RK∗ in high q
2 region would be crucial for probing NP given the Belle II sensitivities
are less than 4% with 50 ab−1 data [75].
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Figure 3. Same as figure 2, where final state particles are longitudinally polarized, giving polarized
LFUV ratios, RφL , RK∗L , RKL1 (1270), and RKL1 (1400).
Additionally, in figure 3, we show the results for the LFUV ratios, with the final vec-
tor and axial-vector states longitudinally polarized, RφL , RKL1 (1270, 1400)
and RK∗L . These
ratios can provide complementary information for testing the lepton flavour universal-
ity. Although the ratios corresponding to longitudinally polarized final states, i.e., RφL ,
RKL1 (1270, 1400)
and RK∗L have similar behaviours with respect to Rφ, RK1(1270, 1400) and
RK∗ , RφL and RKL1
are more sensitive to NP in the central q2 region, especially RφL which
can distinguish almost all NP scenarios, if measured precisely. In contrast, the LFUV
ratios for transversely polarized final state mesons, as shown in figure 4, have even more
interesting behaviours in the low q2 region: they are sensitive to effects from the NP sce-
narios except S4 because in these scenarios they are greater than the SM predictions and
with small errors. In the central q2 region, RφT in different NP scenarios except S1 and S6
are distinguishable, but in the same q2 bin RKT1 (1270, 1400)
in different NP scenarios have
relatively large errors, making it hard to discriminate among the NP scenarios. In the high
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Figure 4. Same as figure 2, where final state particles are transversely polarized, giving polarized
LFUV ratios, RφT , RK∗T , RKT1 (1270), and RKT1 (1400).
q2 region, analogous to RφL , RKL1 (1270, 1400)
and RK∗L , the ratios for transverse polarization
RφT , RKT1 (1270, 1400)
and RK∗T in both the SM and the NP scenarios have relatively small
errors and most of them can be differentiated from each other.
6.2.3 SM and NP predictions for RΛ(0, 1)
In this section, we consider the LFUV ratios RΛ(0, 1) . SM and NP predictions for the
scenarios S1-S6, for the ratios RΛ, RΛ0 , and RΛ1 are presented in figure 5. It is observed
that the behaviour of RΛ and RΛ0 is analogous in the sense that the large-recoil bins having
low sensitivity to NP cannot distinguish among the different NP scenarios, the central q2
bins with increased sensitivity to NP scenarios can partially distinguish the NP scenarios
(S2 for RΛ and S2, S4, and S5 for RΛ0), and the low-recoil bins with very small errors
in the SM and NP predictions can well distinguish all the NP scenarios. In contrast, for
RΛ1 , most NP scenarios are non-distinguishable by using the central q
2 bins, partially
distinguishable by using the high-recoil bins and almost fully distinguishable by using the
low-recoil bins. Therefore, the most remarkable conclusion on RΛ(0, 1) is that it would be
most helpful to measure the high q2 bins of RΛ(0, 1) because these bins have very small
uncertainties. Lastly, similar to RφT , RΛ1 corresponding to S1 and S6, in central q
2 region
may exceed 1, which can be an interesting characteristic for these scenarios, although they
are not distinguishable from each other.
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Figure 5. Predictions for the LFUV ratios, RΛ, RΛ0 , and RΛ1 , involving baryonic final state.
Three kinematical regions, low [0.045, 1] GeV2, central [1, 6] GeV2, and high [14, q2max] GeV
2, are
chosen, where q2max = 20.3 GeV
2. In each case, predictions from left to right, correspond to the SM
and scenarios S1 to S6, depicted with different colors.
7 Summary and conclusions
In recent years, a number of experimental measurements for the b→ s`+`− transitions have
shown deviations from the SM expectations. Such measurements include the branching
ratios B(B → K(∗)µ+µ−) and B(Bs → φµ+µ−), the angular observables in B → K∗µ+µ−
decay including the famous P ′5 anomaly, and very importantly, the LFUV ratios RK(∗)
which are “clean” probe for LFUV/NP. On the other hand, experimental measurements
of the LFUV ratios for either more b → s`+`− channels or more kinematical regions at
Belle II and LHCb have been put on the agenda [75, 79]. In light of the current stage, we
have studied the LFUV ratios for various b → s`+`− channels with (pseudo-)scalar and
(axial-)vector final state mesons including Rf0 , RK∗0 , RK , RK∗ , Rφ, RK1 as well as RΛ for
Λb → Λ`+`−. In particular, for the cases when spin-1 meson or the Λ baryon is the final
state, we have also considered the LFUV ratios with the final state hadron longitudinally
and transversally polarized.
In our calculation, we have adopted the recent results of hadronic form factors calcu-
lated in lattice QCD or/and QCD light-cone sum rules (LCSR). Within the framework of
the effective field theory, we have studied various decay channels by employing the helicity
formalism, and give the expressions of the physical observables in terms of the helicity
amplitudes by keeping lepton mass effects. Further, we have explicitly worked out the ex-
pressions of the helicity amplitudes in terms of the (NP) Wilson coefficients and the general
hadronic form factors, in a consistent manner, by using the same kinematical configuration
and polarization conventions for all the decay channels, which allows others to easily check
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and use our expressions.
In the numerical analysis, we have made predictions and performed analysis for the SM
and the selected NP scenarios. Given the updated measurements of RK(∗) suggest NP also
present in b→ se+e−, therefore, besides considering the two basic b→ sµ+µ− NP scenarios
S1 (CNP9µ only) or S2 (C
NP
9µ = −CNP10µ), we have also considered four NP scenarios which
extend S1 and S2, assuming additional arbitrary LFUV NP in b→ se+e− or both LFU and
LFUV NP, and have explicit model interpretations. These scenarios are two b → sµ+µ−
plus b → se+e− NP scenarios S3 and S4, and two LFU plus LFUV NP scenarios S5 and
S6. The conclusions on the numerical results can be summarized as follows:
• RK(∗) in the high q2 region have quite good sensitivity to NP, therefore future pre-
cision measurements on the high q2 bins will be important complement to the mea-
surements of low q2 bins in probing LFUV/NP in the b→ s`+`− transition.
• Measurements of the LFUV ratios with scalar mesons in final states are also very
helpful for distinguishing NP scenarios. In particular, Rf0 in the bins [1, 6] GeV
2
and [14, q2max] GeV
2, and RK∗0 in the bins [0.045, 1] GeV
2 and [1, 6] GeV2 are useful
because the theoretical uncertainties in these bins are relatively small compared with
other bins.
• Rφ is useful for testing LFUV/NP in all kinematical regions and especially in the
high q2 region where theoretical predictions have small errors and the different NP
scenarios are distinguishable from each other. In contrast, RK1 in the SM and NP
scenarios have larger errors in the low and central q2 bins and it has good sensitivity
to NP in the central and high q2 region, with NP scenarios more distinguishable in
the high q2 region.
• RφL and RKL1 corresponding to longitudinally polarized final state meson have similar
behaviours with respect to the unpolarized ratios Rφ and RK1 in all q
2 bins, but for
RφT and RKT1
corresponding to transversely polarized φ and K1, the low and high
q2 bins are more sensitive to NP, while the central q2 bins in the NP scenarios have
large uncertainties.
• RΛ, RΛ0 and RΛ1 are all very sensitive to NP with tiny theoretical errors in high q2
region, which can be used to distinguish among different NP scenarios. RΛ(0, 1) , in the
region [0.045, 1] GeV2 do not have good sensitivity to NP, while in [1, 6] GeV2, the
measurements of RΛ(0) can partially distinguish the NP scenarios, e.g., the central q
2
bins of RΛ(0) can distinguish S2.
In conclusion, similar to RK(∗) , SM predictions for the LFUV ratios in the various comple-
mentary decay channels are theoretically clean in different kinematical regions and have
high sensitivity to NP effects. Therefore, the future measurements on the LFUV ratios for
these additional channels, along with the more precise RK(∗) measurements, can provide
critical information on testing NP/LFUV in the b→ s`+`− FCNC transitions. In addition,
LFUV ratios with polarized final state particles are also found to be sensitive to different
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new physics scenarios, and therefore can provide additional complementary probe of NP.
With the running of Belle II and future upgrade of LHCb, the measurements of many
LFUV ratios studied in this work will be accessible, especially RK(∗) in high q
2 region and
Rφ which have already been planned [75, 79]. We hope upcoming experimental and theo-
retical studies on the LFUV ratios in the b→ s`+`− transitions, along with giving crucial
evidence of possible NP behind the b→ s`+`− anomalies, will also help to identify the true
structure of the underlying NP, by differentiating among the emerging NP scenarios.
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A SM Wilson coefficients
The explicit form of Wilson coefficients Ceff9 (q
2) and Ceff7 (q
2) is given in [60]. For the sake
of completeness we give the expressions of these Wilson coefficients used in our study
Ceff7 (q
2) = C7 − 1
3
(
C3 +
4
3
C4 + 20C5 +
80
3
C6
)
− αs
4pi
[
(C1 − 6C2)F (7)1,c (q2) + C8F (7)8 (q2)
]
,
Ceff9 (q
2) = C9 +
4
3
(
C3 +
16
3
C5 +
16
9
C6
)
− h(0, q2)
(
1
2
C3 +
2
3
C4 + 8C5 +
32
3
C6
)
− h(mpoleb , q2)
(7
2
C3 +
2
3
C4 + 38C5 +
32
3
C6
)
+ h(mpolec , q
2)
(4
3
C1 + C2 + 6C3 + 60C5
)
− αs
4pi
[
C1F
(9)
1,c (q
2) + C2F
(9)
2,c (q
2) + C8F
(9)
8 (q
2)
]
, (A.1)
where the functions h(mpoleq , q2) with q = c, b, and functions F
(7,9)
8 (q
2) are defined in [80],
while the functions F
(7,9)
1,c (q
2), F
(7,9)
2,c (q
2) are given in [81] for low q2 and in [82] for high q2.
The quark masses appearing in all of these functions are defined in the pole scheme.
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B Numerical inputs
In Table 4 we give the numerical values of the input parameters used in our study.
GF = 1.1663787× 10−5 GeV−2 [83] mB = 5.279 GeV [83]
|VtbV ∗ts| = 0.0397+0.0008−0.0006 [83] mBs = 5.367 GeV [83]
mb = 4.18
+0.03
−0.02 GeV [83] τB = (1.519± 0.004)× 10−12 s [83]
α(mb) = 1/133.28 [69] τBs = (1.515± 0.004)× 10−12 s [83]
αs(mb) = 0.2233 [69] mf0 = 0.990 GeV [83]
me = 0.0005 GeV [83] mK∗0 = 1.425 GeV [83]
mµ = 0.106 GeV [83] mK = 0.498 GeV [83]
mpoleb = 4.91± 0.12 GeV [84] mK∗ = 0.896 GeV [83]
mpolec = 1.77± 0.14 GeV [84] mφ = 1.020 GeV [83]
µb = 5 GeV [60] mK1A = 1.31 GeV [85]
mΛb = 5.619 GeV [83] mK1B = 1.34 GeV [85]
mΛ = 1.116 GeV [83] mK1(1270) = 1.272 GeV [78]
τΛb = (1.471± 0.009)× 10−12 s [83] mK1(1400) = 1.403 GeV [83]
Table 4. Default values of the used input parameters. Values of some parameters are strongly
scale dependent, but most of these parameters cancel in the LFUV ratios.
C Details on the kinematics
C.1 Kinematics
The decay Min → Mf `+`− can be conveniently regarded as a quasi-two-body decay with
Min → Mf jeff followed by jeff → `+`−, where effective current jeff, represents the off-
shell boson. The polarization vectors of jeff satisfy the orthonormality and completeness
relations as discussed in section 4. With Min(p) → Mf (k) (jeff(q)→ `+(p1)`−(p2)), we
define momenta in the rest frame of the parent particle Min as
pµ = (min, 0, 0, 0), k
µ = (Ef , 0, 0,−|~k|), qµ = (q0, 0, 0,+|~k|), (C.1)
where we choose daughter particle Mf to be moving along the negative z direction, and
q0 =
m2in −m2f + q2
2min
, Ef =
m2in +m
2
f − q2
2min
, |~k| =
√
λ(m2in,m
2
f , q
2)
2min
, (C.2)
where λ(m2in,m
2
f , q
2) is the Ka¨lle´n function
λ(a, b, c) = a2 + b2 + c2 − 2(ab+ ac+ bc). (C.3)
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`−
θl
MinMf jeff
x
z
Figure 6. Kinematics of the Min →Mf `+`− decay.
In the dilepton rest frame, considering jeff decaying in the x− z plane, and `+(p1) lepton
making angle θl with the z−axis (see figure 6),
pµ1 = (El, |~pl| sin θl, 0, |~pl| cos θl),
pµ2 = (El,−|~pl| sin θl, 0,−|~pl| cos θl), (C.4)
with
El =
√
q2
2
, |~pl| =
√
q2
2
βl, βl =
√
1− 4m
2
l
q2
. (C.5)
C.2 Polarization conventions
In the Min rest frame, the polarization four-vectors of the effective current (jeff), that
decays to dilepton pair are
εµ(t) =
1√
q2
(q0, 0, 0, |~k|), εµ(±) = 1√
2
(0,∓1,−i, 0), εµ(0) = 1√
q2
(|~k|, 0, 0, q0),(C.6)
and in the dilepton pair rest frame the transverse polarizations of jeff remain same, while
the time like and longitudinal polarizations read
εµ(t) = (1, 0, 0, 0), εµ(0) = (0, 0, 0, 1). (C.7)
Similarly, when the final state is vector or axial-vector particle, the polarization four-vectors
of V (A) state moving along the negative z direction, in the Min rest frame are
µ(±) = 1√
2
(0,±1,−i, 0), µ(0) = 1
mf
(|~k|, 0, 0, Ef ). (C.8)
Transverse polarizations of V (A) in its own rest frame remain same, whereas the longitu-
dinal polarization reads
µ(0) = (0, 0, 0,−1). (C.9)
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D Λb → Λ spinor bilinears
To calculate the hadronic helicity amplitudes for Λb → Λ`+`− decay, we use the spinor
representations given in [86, 87]. For scalar and pseudo-scalar currents, we get
u¯Λ(k,±1/2)uΛb(p,±1/2) = 0,
u¯Λ(k,±1/2)uΛb(p,∓1/2) = ±
√
s+,
u¯Λ(k,±1/2)γ5uΛb(p,±1/2) = 0
u¯Λ(k,±1/2)γ5uΛb(p,±1/2) = −
√
s−, (D.1)
and for vector and axial-vector currents, we obtain
u¯Λ(k,±1/2)γµuΛb(p,±1/2) = ∓
√
2s−µ(±),
u¯Λ(k,±1/2)γµuΛb(p,∓1/2) = ±(
√
s+, 0, 0,−√s−),
u¯Λ(k,±1/2)γµγ5uΛb(p,±1/2) = −
√
2s+
µ(±)
u¯Λ(k,±1/2)γµγ5uΛb(p,∓1/2) = (
√
s−, 0, 0,−√s+). (D.2)
E Predicted values of the LFUV ratios
In this appendix, we give the predicted central values with errors for the various LFUV
ratios.
Observable Scenario q2/GeV2 : [0.045, 1] q2/GeV2 : [1, 6] q2/GeV2 : [14, q2max]
Rf0 SM 0.977
+0.051
−0.036 1.000
+0.007
−0.005 1.006
+0.006
−0.005
Rf0 S1 0.760
+0.052(+0.027)
−0.037(−0.025) 0.778
+0.009(+0.028)
−0.006(−0.026) 0.782
+0.008(+0.028)
−0.007(−0.027)
Rf0 S2 0.735
+0.037(+0.034)
−0.027(−0.034) 0.752
+0.005(+0.035)
−0.004(−0.034) 0.763
+0.005(+0.034)
−0.005(−0.034)
Rf0 S3 0.783
+0.040(+0.117)
−0.029(−0.104) 0.801
+0.005(+0.119)
−0.004(−0.107) 0.811
+0.004(+0.117)
−0.005(−0.105)
Rf0 S4 0.802
+0.039(+0.107)
−0.029(−0.102) 0.821
+0.006(+0.110)
−0.005(−0.104) 0.835
+0.007(+0.111)
−0.009(−0.105)
Rf0 S5 0.826
+0.051(+0.054)
−0.037(−0.052) 0.845
+0.007(+0.055)
−0.005(−0.054) 0.854
+0.005(+0.054)
−0.004(−0.053)
Rf0 S6 0.755
+0.049(+0.037)
−0.035(−0.035) 0.773
+0.008(+0.038)
−0.006(−0.036) 0.778
+0.007(+0.038)
−0.006(−0.036)
Table 5. SM and NP predictions for the LFUV ratio Rf0 in different bins. The first errors listed
are due to the uncertainties of the form factors, and the second errors are due to the 1σ range of
the best-fit Wilson coefficients in different NP scenarios.
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Observable Scenario q2/GeV2 : [0.045, 1] q2/GeV2 : [1, 6] q2/GeV2 : [14, q2max]
RK∗0 SM 0.977± 0.001 1.000± 0.001 1.012± 0.014
RK∗0 S1 0.752± 0.001
(+0.029)
(−0.028) 0.770± 0.001
(+0.030)
(−0.028) 0.783± 0.014
(+0.030)
(−0.028)
RK∗0 S2 0.760± 0.003
(+0.031)
(−0.030) 0.778± 0.003
(+0.032)
(−0.031) 0.793± 0.010
(+0.031)
(−0.031)
RK∗0 S3 0.805± 0.003
(+0.104)
(−0.094) 0.824± 0.003
(+0.107)
(−0.097) 0.838± 0.011
(+0.105)
(−0.095)
RK∗0 S4 0.839± 0.004
(+0.111)
(−0.103) 0.859± 0.004
(+0.114)
(−0.105) 0.876± 0.011
(+0.115)
(−0.105)
RK∗0 S5 0.840± 0.002
(+0.049)
(−0.048) 0.860± 0.002
(+0.051)
(−0.049) 0.875± 0.014
(+0.050)
(−0.048)
RK∗0 S6 0.751± 0.001
(+0.038)
(−0.037) 0.770± 0.001
(+0.039)
(−0.037) 0.782± 0.013
(+0.039)
(−0.037)
Table 6. SM and NP predictions for the LFUV ratio RK∗0 in different bins. The first errors listed
are due to the uncertainties of the form factors, and the second errors are due to the 1σ range of
the best-fit Wilson coefficients in different NP scenarios.
Scenario Observable q2/GeV2 : [14, q2max] Observable q
2/GeV2 : [14, q2max]
SM RK 1.002
+0.002
−0.002 RK∗ 0.998± 0.000
S1 RK 0.778
+0.004(+0.028)
−0.003(−0.027) RK∗ 0.778± 0.002
(+0.027)
(−0.026)
S2 RK 0.762
+0.004(+0.034)
−0.005(−0.033) RK∗ 0.751± 0.003
(+0.035)
(−0.034)
S3 RK 0.810
+0.003(+0.116)
−0.005(−0.104) RK∗ 0.800± 0.003
(+0.119)
(−0.106)
S4 RK 0.834
+0.006(+0.111)
−0.009(−0.104) RK∗ 0.818± 0.005
(+0.108)
(−0.103)
S5 RK 0.852
+0.002(+0.054)
−0.003(−0.052) RK∗ 0.843± 0.002
(+0.055)
(−0.053)
S6 RK 0.805
+0.004(+0.033)
−0.003(−0.031) RK∗ 0.778± 0.003
(+0.036)
(−0.034)
SM RK∗L 0.999± 0.000 RK∗T 0.998± 0.000
S1 RK∗L 0.777± 0.003(+0.028)(−0.026) RK∗T 0.779± 0.003
(+0.027)
(−0.025)
S2 RK∗L 0.755± 0.004(+0.035)(−0.034) RK∗T 0.749± 0.005
(+0.035)
(−0.034)
S3 RK∗L 0.803± 0.003(+0.118)(−0.105) RK∗T 0.798± 0.004
(+0.120)
(−0.107)
S4 RK∗L 0.824± 0.006(+0.109)(−0.104) RK∗T 0.814± 0.008
(+0.107)
(−0.103)
S5 RK∗L 0.846± 0.002(+0.055)(−0.053) RK∗T 0.842± 0.002
(+0.055)
(−0.054)
S6 RK∗L 0.772± 0.002(+0.038)(−0.036) RK∗T 0.782± 0.004
(+0.035)
(−0.032)
Table 7. SM and NP predictions for the LFUV ratios RK , RK∗(L, T ) in the high q
2 bin. The first
errors listed are due to the uncertainties of the form factors, and the second errors are due to the
1σ range of the best-fit Wilson coefficients in different NP scenarios.
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Observable Scenario q2/GeV2 : [0.045, 1] q2/GeV2 : [1, 6] q2/GeV2 : [14, q2max]
Rφ SM 0.927± 0.004 0.997± 0.002 0.998± 0.000
Rφ S1 0.871± 0.013(+0.006)(−0.006) 0.821± 0.008
(+0.020)
(−0.019) 0.778± 0.001
(+0.027)
(−0.026)
Rφ S2 0.845± 0.011(+0.011)(−0.011) 0.763± 0.002
(+0.033)
(−0.032) 0.752± 0.002
(+0.035)
(−0.034)
Rφ S3 0.866± 0.009(+0.036)(−0.035) 0.812± 0.002
(+0.112)
(−0.101) 0.801± 0.002
(+0.119)
(−0.106)
Rφ S4 0.863± 0.007(+0.027)(−0.029) 0.811± 0.003
(+0.087)
(−0.087) 0.819± 0.003
(+0.108)
(−0.103)
Rφ S5 0.880± 0.008(+0.016)(−0.015) 0.856± 0.003
(+0.050)
(−0.048) 0.844± 0.001
(+0.055)
(−0.053)
Rφ S6 0.870± 0.012(+0.008)(−0.007) 0.819± 0.008
(+0.028)
(−0.026) 0.777± 0.001
(+0.036)
(−0.033)
RφL SM 0.974± 0.016 1.000± 0.002 0.999± 0.000
RφL S1 0.756± 0.016(+0.027)(−0.026) 0.776± 0.003
(+0.028)
(−0.026) 0.776± 0.002
(+0.028)
(−0.026)
RφL S2 0.734± 0.011(+0.034)(−0.033) 0.753± 0.001
(+0.035)
(−0.034) 0.756± 0.003
(+0.034)
(−0.034)
RφL S3 0.781± 0.012(+0.116)(−0.103) 0.801± 0.001
(+0.119)
(−0.106) 0.804± 0.003
(+0.117)
(−0.105)
RφL S4 0.801± 0.012(+0.107)(−0.102) 0.822± 0.002
(+0.110)
(−0.104) 0.826± 0.005
(+0.110)
(−0.104)
RφL S5 0.823± 0.016(+0.054)(−0.052) 0.845± 0.002
(+0.056)
(−0.053) 0.846± 0.002
(+0.054)
(−0.053)
RφL S6 0.752± 0.015(+0.037)(−0.035) 0.772± 0.003
(+0.038)
(−0.036) 0.772± 0.002
(+0.038)
(−0.036)
RφT SM 0.897± 0.000 0.985± 0.000 0.998± 0.000
RφT S1 0.942± 0.001(+0.007)(−0.007) 1.023± 0.014
(+0.015)
(−0.012) 0.779± 0.001
(+0.027)
(−0.025)
RφT S2 0.915± 0.000(+0.003)(−0.003) 0.807± 0.009
(+0.024)
(−0.022) 0.749± 0.002
(+0.035)
(−0.034)
RφT S3 0.911± 0.000(+0.008)(−0.008) 0.856± 0.008
(+0.081)
(−0.076) 0.798± 0.002
(+0.120)
(−0.107)
RφT S4 0.895± 0.001(+0.017)(−0.017) 0.769± 0.004
(+0.040)
(−0.041) 0.816± 0.003
(+0.108)
(−0.103)
RφT S5 0.909± 0.000(+0.004)(−0.004) 0.899± 0.006
(+0.030)
(−0.028) 0.842± 0.001
(+0.055)
(−0.053)
RφT S6 0.939± 0.001(+0.008)(−0.008) 1.018± 0.014
(+0.017)
(−0.013) 0.780± 0.002
(+0.035)
(−0.033)
Table 8. SM and NP predictions for the LFUV ratios Rφ(L, T ) in different bins. The first errors
listed are due to the uncertainties of the form factors, and the second errors are due to the 1σ range
of the best-fit Wilson coefficients in different NP scenarios.
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Observable Scenario q2/GeV2 : [0.045, 1] q2/GeV2 : [1, 6] q2/GeV2 : [14, q2max]
RK1(1270) SM 0.922
+0.018
−0.016 0.995
+0.008
−0.005 0.998
+0.000
−0.000
RK1(1270) S1 0.862
+0.071(+0.007)
−0.053(−0.006) 0.813
+0.050(+0.021)
−0.024(−0.020) 0.776
+0.004(+0.028)
−0.002(−0.026)
RK1(1270) S2 0.839
+0.060(+0.012)
−0.044(−0.011) 0.756
+0.012(+0.034)
−0.006(−0.033) 0.754
+0.004(+0.035)
−0.006(−0.034)
RK1(1270) S3 0.860
+0.047(+0.037)
−0.035(−0.036) 0.805
+0.013(+0.115)
−0.006(−0.103) 0.802
+0.003(+0.012)
−0.005(−0.011)
RK1(1270) S4 0.859
+0.039(+0.0290)
−0.029(−0.030) 0.805
+0.009(+0.090)
−0.011(−0.089) 0.823
+0.006(+0.109)
−0.009(−0.103)
RK1(1270) S5 0.875
+0.043(+0.026)
−0.033(−0.024) 0.850
+0.017(+0.082)
−0.008(−0.077) 0.845
+0.002(+0.097)
−0.003(−0.091)
RK1(1270) S6 0.867
+0.069(+0.009)
−0.051(−0.008) 0.833
+0.044(+0.026)
−0.022(−0.023) 0.801
+0.003(+0.033)
−0.002(−0.031)
RKL1 (1270)
SM 0.963+0.103−0.049 0.999
+0.014
−0.007 0.998
+0.000
−0.000
RKL1 (1270)
S1 0.742
+0.105(+0.028)
−0.050(−0.027) 0.774
+0.018(+0.028)
−0.009(−0.026) 0.775
+0.004(+0.028)
−0.002(−0.026)
RKL1 (1270)
S2 0.737
+0.077(+0.032)
−0.037(−0.031) 0.754
+0.007(+0.035)
−0.006(−0.034) 0.756
+0.004(+0.034)
−0.006(−0.034)
RKL1 (1270)
S3 0.781
+0.082(+0.108)
−0.039(−0.097) 0.802
+0.007(+0.118)
−0.006(−0.105) 0.804
+0.003(+0.117)
−0.005(−0.104)
RKL1 (1270)
S4 0.809
+0.084(+0.108)
−0.040(−0.101) 0.824
+0.007(+0.110)
−0.009(−0.104) 0.826
+0.006(+0.110)
−0.009(−0.104)
RKL1 (1270)
S5 0.819
+0.106(+0.051)
−0.050(−0.049) 0.845
+0.012(+0.055)
−0.006(−0.053) 0.846
+0.002(+0.054)
−0.003(−0.053)
RKL1 (1270)
S6 0.768
+0.113(+0.033)
−0.053(−0.031) 0.801
+0.019(+0.033)
−0.009(−0.031) 0.802
+0.004(+0.033)
−0.002(−0.031)
RKT1 (1270)
SM 0.893+0.004−0.003 0.984
+0.001
−0.000 0.998
+0.000
−0.000
RKT1 (1270)
S1 0.949
+0.005(+0.008)
−0.007(−0.008) 0.939
+0.070(+0.003)
−0.048(−0.000) 0.776
+0.004(+0.028)
−0.002(−0.026)
RKT1 (1270)
S2 0.914
+0.001(+0.003)
−0.001(−0.003) 0.762
+0.035(+0.030)
−0.020(−0.029) 0.753
+0.004(+0.035)
−0.006(−0.034)
RKT1 (1270)
S3 0.910
+0.001(+0.010)
−0.001(−0.010) 0.814
+0.033(+0.104)
−0.020(−0.094) 0.801
+0.003(+0.118)
−0.005(−0.105)
RKT1 (1270)
S4 0.889
+0.005(+0.021)
−0.004(−0.020) 0.752
+0.015(+0.053)
−0.007(−0.052) 0.821
+0.006(+0.109)
−0.009(−0.103)
RKT1 (1270)
S5 0.908
+0.001(+0.005)
−0.001(−0.005) 0.867
+0.027(+0.041)
−0.017(−0.039) 0.844
+0.002(+0.097)
−0.003(−0.091)
RKT1 (1270)
S6 0.945
+0.004(+0.010)
−0.006(−0.010) 0.940
+0.063(+0.003)
−0.043(−0.001) 0.801
+0.003(+0.033)
−0.002(−0.031)
Table 9. SM and NP predictions for the LFUV ratios R
K
(L, T )
1 (1270)
, with θK1 = −34◦, in different
bins. The first errors listed are due to the uncertainties of the form factors, and the second errors
are due to the 1σ range of the best-fit Wilson coefficients in different NP scenarios.
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Observable Scenario q2/GeV2 : [0.045, 1] q2/GeV2 : [1, 6] q2/GeV2 : [14, q2max]
RK1(1400) SM 0.913
+0.011
−0.012 0.994
+0.006
−0.004 0.998
+0.000
−0.000
RK1(1400) S1 0.904
+0.058(+0.001)
−0.056(−0.000) 0.833
+0.064(+0.018)
−0.036(−0.016) 0.775
+0.003(+0.028)
−0.002(−0.026)
RK1(1400) S2 0.866
+0.053(+0.006)
−0.048(−0.006) 0.754
+0.016(+0.033)
−0.007(−0.033) 0.754
+0.004(+0.035)
−0.006(−0.034)
RK1(1400) S3 0.879
+0.040(+0.020)
−0.037(−0.020) 0.804
+0.017(+0.114)
−0.008(−0.102) 0.802
+0.003(+0.117)
−0.005(−0.105)
RK1(1400) S4 0.864
+0.034(+0.011)
−0.031(−0.011) 0.793
+0.013(+0.081)
−0.014(−0.082) 0.823
+0.006(+0.109)
−0.009(−0.103)
RK1(1400) S5 0.888
+0.035(+0.008)
−0.033(−0.008) 0.852
+0.019(+0.050)
−0.010(−0.048) 0.844
+0.002(+0.055)
−0.003(−0.053)
RK1(1400) S6 0.905
+0.057(+0.001)
−0.054(−0.001) 0.850
+0.056(+0.022)
−0.031(−0.019) 0.801
+0.003(+0.033)
−0.002(−0.031)
RKL1 (1400)
SM 0.973+0.159−0.067 0.998
+0.015
−0.007 0.998
+0.000
−0.000
RKL1 (1400)
S1 0.772
+0.193(+0.024)
−0.079(−0.022) 0.777
+0.023(+0.027)
−0.011(−0.026) 0.775
+0.003(+0.028)
−0.002(−0.026)
RKL1 (1400)
S2 0.721
+0.115(+0.036)
−0.046(−0.035) 0.749
+0.007(+0.035)
−0.007(−0.034) 0.755
+0.004(+0.034)
−0.006(−0.034)
RKL1 (1400)
S3 0.770
+0.125(+0.121)
−0.050(−0.107) 0.798
+0.007(+0.120)
−0.007(−0.107) 0.803
+0.003(+0.117)
−0.005(−0.105)
RKL1 (1400)
S4 0.775
+0.104(+0.098)
−0.046(−0.096) 0.816
+0.010(+0.109)
−0.012(−0.104) 0.824
+0.006(+0.109)
−0.009(−0.104)
RKL1 (1400)
S5 0.815
+0.157(+0.055)
−0.065(−0.053) 0.842
+0.012(+0.056)
−0.006(−0.054) 0.845
+0.002(+0.054)
−0.003(−0.053)
RKL1 (1400)
S6 0.797
+0.197(+0.028)
−0.082(−0.026) 0.804
+0.024(+0.032)
−0.011(−0.030) 0.802
+0.004(+0.033)
−0.002(−0.031)
RKT1 (1400)
SM 0.893+0.004−0.003 0.984
+0.001
−0.000 0.997
+0.000
−0.000
RKT1 (1400)
S1 0.949
+0.005(+0.008)
−0.007(−0.008) 0.945
+0.071(+0.004)
−0.049(−0.001) 0.776
+0.003(+0.028)
−0.002(−0.026)
RKT1 (1400)
S2 0.915
+0.001(+0.003)
−0.001(−0.003) 0.765
+0.037(+0.030)
−0.021(−0.029) 0.753
+0.004(+0.035)
−0.005(−0.034)
RKT1 (1400)
S3 0.910
+0.001(+0.010)
−0.001(−0.010) 0.817
+0.035(+0.102)
−0.021(−0.093) 0.802
+0.003(+0.118)
−0.005(−0.105)
RKT1 (1400)
S4 0.890
+0.005(+0.021)
−0.004(−0.020) 0.753
+0.016(+0.052)
−0.007(−0.051) 0.822
+0.006(+0.109)
−0.009(−0.103)
RKT1 (1400)
S5 0.908
+0.001(+0.005)
−0.001(−0.005) 0.869
+0.028(+0.041)
−0.017(−0.038) 0.844
+0.002(+0.055)
−0.003(−0.053)
RKT1 (1400)
S6 0.945
+0.004(+0.010)
−0.006(−0.010) 0.946
+0.064(+0.003)
−0.044(−0.001) 0.801
+0.003(+0.033)
−0.002(−0.031)
Table 10. SM and NP predictions for the LFUV ratios R
K
(L, T )
1 (1400)
, with θK1 = 34
◦, in different
bins. The first errors listed are due to the uncertainties of the form factors, and the second errors
are due to the 1σ range of the best-fit Wilson coefficients in different NP scenarios.
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Observable Scenario q2/GeV2 : [0.045, 1] q2/GeV2 : [1, 6] q2/GeV2 : [14, q2max]
RΛ SM 0.935± 0.024 1.001± 0.008 0.999± 0.000
RΛ S1 0.895± 0.047(+0.004)(−0.004) 0.833± 0.034
(+0.019)
(−0.018) 0.779± 0.001
(+0.027)
(−0.026)
RΛ S2 0.868± 0.041(+0.009)(−0.009) 0.768± 0.021
(+0.033)
(−0.032) 0.752± 0.002
(+0.035)
(−0.034)
RΛ S3 0.885± 0.033(+0.029)(−0.028) 0.817± 0.019
(+0.111)
(−0.100) 0.801± 0.001
(+0.119)
(−0.106)
RΛ S4 0.880± 0.029(+0.021)(−0.022) 0.813± 0.016
(+0.084)
(−0.084) 0.820± 0.003
(+0.108)
(−0.103)
RΛ S5 0.898± 0.031(+0.013)(−0.012) 0.863± 0.018
(+0.049)
(−0.047) 0.844± 0.001
(+0.055)
(−0.053)
RΛ S6 0.896± 0.045(+0.005)(−0.005) 0.844± 0.033
(+0.024)
(−0.021) 0.784± 0.002
(+0.035)
(−0.032)
RΛ0 SM 1.013± 0.088 1.004± 0.010 1.000± 0.001
RΛ0 S1 0.798± 0.090(+0.026)(−0.025) 0.783± 0.012
(+0.027)
(−0.026) 0.778± 0.001
(+0.028)
(−0.026)
RΛ0 S2 0.759± 0.064(+0.036)(−0.035) 0.752± 0.007
(+0.036)
(−0.035) 0.757± 0.002
(+0.035)
(−0.034)
RΛ0 S3 0.809± 0.070(+0.123)(−0.109) 0.802± 0.007
(+0.121)
(−0.108) 0.805± 0.002
(+0.117)
(−0.105)
RΛ0 S4 0.826± 0.069(+0.110)(−0.105) 0.819± 0.009
(+0.109)
(−0.104) 0.827± 0.003
(+0.110)
(−0.104)
RΛ0 S5 0.861± 0.088(+0.057)(−0.055) 0.847± 0.009
(+0.056)
(−0.054) 0.848± 0.001
(+0.055)
(−0.053)
RΛ0 S6 0.809± 0.089(+0.032)(−0.029) 0.799± 0.013
(+0.033)
(−0.030) 0.785± 0.002
(+0.035)
(−0.033)
RΛ1 SM 0.901± 0.004 0.987± 0.004 0.998± 0.000
RΛ1 S1 0.938± 0.010(+0.005)(−0.005) 1.069± 0.121
(+0.020)
(−0.018) 0.779± 0.002
(+0.027)
(−0.025)
RΛ1 S2 0.916± 0.002(+0.002)(−0.002) 0.843± 0.106
(+0.019)
(−0.018) 0.749± 0.003
(+0.035)
(−0.034)
RΛ1 S3 0.913± 0.002(+0.007)(−0.007) 0.886± 0.087
(+0.064)
(−0.062) 0.798± 0.002
(+0.120)
(−0.107)
RΛ1 S4 0.900± 0.006(+0.014)(−0.014) 0.790± 0.066
(+0.037)
(−0.042) 0.814± 0.004
(+0.107)
(−0.103)
RΛ1 S5 0.912± 0.002(+0.003)(−0.003) 0.921± 0.061
(+0.024)
(−0.022) 0.842± 0.001
(+0.055)
(−0.054)
RΛ1 S6 0.935± 0.009(+0.006)(−0.006) 1.059± 0.114
(+0.023)
(−0.020) 0.782± 0.003
(+0.035)
(−0.032)
Table 11. SM and NP predictions for the LFUV ratios RΛ(0, 1) in different bins. The first errors
listed are due to the uncertainties of the form factors, and the second errors are due to the 1σ range
of the best-fit Wilson coefficients in different NP scenarios.
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